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ON  THE  DISTRIBUTION  OF  POTASSIUM  IN  ANIMAL 
AND  VEGETABLE  CELLS.  By  A.  B.  MACALLUM, 
M.A.,  M.B.,  Ph.D.,  Profe-wor  <>/  Phymologn  in  the  Univernty  of 
Toronto.    (Plato»  ^  ami  TI.) 


IXTRomKTinx. 

The  salts  of  smlinm,  potassium,  calcium  aud  magne.«iuni  are,  as  is 
well  known,  constantly  foun.l  in  the  ash  of  animal  and  vegetable  cells, 
and  they  obtain  also  in  the  secretions  and  excretions  of  such  cells  when 
they  constitute  glands  and  tissues.  They  further  occur  in  the  proteids 
anil  fats  derivable  from  such  cellular  structures,  and  eve6  some  of  the 
proteids,  as,  for  example,  the  globt.lins.  remain  in  solution  only  m  the 
presence  of  such  salts.  Further,  expe.  aents  with  saline  solutions  show 
that  the  activity  of  not  only  heart  muscle,  but  also  of  ordinary  striated 
muscle  depends  in  some  way  on  the  presence,  in  certain  proportions,  of 
all  these  element,  except  magnesium.  In  consequence  the  conclusion 
has  been  drawn  that  these  elements  are  essential  constituents  of  living 
matter,  and  attempts  have  been  made  to  explain  the  rOle  that  each  an. 
all  play  in  the  activities  of  protoplasm,  the  more  recently  advanced 
explanations  being  based  on  the  application  of  the  facts  and  theories  of 

physical  chemistry.  .,,1.1 

A  fundamental  difficulty  in  the  way  of  accepting  all  such  explana- 
tions lies  in  the  fact  that  we  cannot  be  certain  that  the  salts  of  the 
elements  in  question  are  uniformly  distributed  in  the  protopla.sm  of 
cells  nor  do  we  know  for  certain  that  they  occur  within  the  cells  them- 
selves And  our  doubts  are  strengthened  when  we  consider  the  analyses 
of  the  tissues  and  of  the  various  physiological  fluids,  for  we  find  that 
they  do  n.    yield  constant  results.    In  muscle  and  serum  the  differences 


in  the  proportions  are  striking. 


Serum  (Dog) 
Muscle     ,, 


Na 

100 
100 
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6-86 
3.'i4-00 


Cft 

•i-.52 

7-iC 


0-81 
25-1 
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It  is  evident  thiit  between  ."senim  and  miincle  there  is  on  this  jM)int 
u  laek  of  parallelism  which  cannot  be  explained  on  any  }M>-sible  appli- 
cation of  the  doctrine  of  ions.  The  small  (piantity  of  potoRsium  in  blood 
plarnia,  contrasted  with  the  anuinnt  of  the  element  in  muscle,  in  which 
also  the  ealcium  and  majfnesiuni  are  more  abundant,  is  difficult  to 
account  f')r  on  any  theory  yet  advanced.  This  want  of  parallelism  is, 
however,  oased  on  some  fundamental  condition,  for  the  perfusion  of 
solutions,  in  which  the  elements  are  in  the  proportions  which  obtain  in 
the  ash  of  muscle,  iiuickly  brings  to  an  end  the  activity  and  irritability 
of  muscle.  Perfusion  of  the  frog's  heart  with  a  Ringer's  fluid  in  wliich 
the  sodium,  potassium  and  calcium  are  in  the  proportions  which  obtain 
in  blood  plasma  causes  it  to  beat  with  a  regu'"  vthm  for  hours,  but 
it  at  once  ceases  to  coi  'ct,  or  it  may  enter  the  d.  h  phase,  if  either  the 
potassium  or  the  magnet>.  jni  or  both  in  the  fluid  are  "".creased  so  as  to 
make  the  proportions  parallel  to  those  in  the  ash  of  muscle  fibre. 

These  facts  make  it  ilifficult  for  us  to  take  any  position  as  regards  an 
explanation  except  that  of  reserve. 

The  difficulty  is  enhanced  when  one  considers  the  analyses  which 
have  been  made  of  the  ash  resiiluea  of  various  organs.  The  data  for 
muscle  are  very  different  from  those  of  glands,  of  conaective  tissue  and 
of  nerve  ti.ssue,  and  the  data  for  the  whole  organism  have  been  tbund  to 
vary  even  in  the  case  of  the  new-born  child,  in  which  th*"-.  sNould 
be  found  approximately  constant  results,  but  the  analyses  of  '^amerer 
and  Soldner',  Hugounenq'  and  de  Lange'  are  discordai.  ;  and 
yet  the  differences  are  not  due  to  imperfect  methods  cf  determination. 

What  further  lies  in  the  way  of  a  solution  is  the  fact  that  we  have 
never  yet  determined  the  proportions  of  the  elements  in  protoplasm  freed 
from  all  adventitious  material  more  or  less  of  a  degenerative  character. 
If  we  could  prepare  a  quantity  of  normal  Amoeba?  sufficient  to  furnish 
ash  abundant  enough  for  definite  quantitative  analyses,  it  might  be 
possible  from  the  results  to  formulate  some  generalization  which  would 
assist  in  the  solution  of  the  question. 

Such  an  opportunity,  however,  is  one  that  is  not  likely  to  present 
itself,  and  in  looking  for  a  method  of  solving  the  question  the  only 
one  which  appears  feasible  is  that  based  on  microchemistry.  If  there 
were  available  reactions  for  the  four  elements  which  would  reveal 
infinitesimal  quantities  of  them  in  the  cells  of  a  tissue  it  woidd   be 

'  Xeit.fiir  Biol,  MXix.  p.  173.    l;tO«l. 

'-■  Comptes  Hendim,  cxxvill.  p.  141'J.    1900. 

^  /fit.  flir  Binl.,  xl.  p.  526.    IWK). 
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p(,HHibU-  t(i  asKooiate  tl.iii  ..ccurrfiice  with  ihin  ..i  llial  uclivity  in  the 
protopliwm  UiifortuiiiU.ly  such  reactions  are  not  possible  in  the  CiW.f  of 
smUuni  iind  niagnesiuni,  an.l  those  for  civiciuni  have  not  yet  h.en  ma(i'! 
applicabh!  to  microeheniistry,  l-ut  in  the  case  of  |K)titHsiuni  there  is 
a  reaction  ni  i^n-ixt  sensitiveness  which  has  ^'iven  resultn  of  con-i(h-ral)U' 
interest,  bearing  not  only  on  the  jxirt  played  by  this  clement  in  proto- 
plasm but  also  on  the  distribution  of  the  other  elements  in  the  cell. 

This  reaction  I  have  employed  for  over  a  year  in  studies  on  the  cells 
and  tissues  of  both  Animal  and  Vegetable  Kingdoms,  and  I  now  give,  in 
the  following  pages,  some  of  tl)e  learUng  fact!  which  have  been  ascer- 
tained in  these  observations. 


s' 
hat 


The  reaction. 

When  a  solution  of  potassium  nitrite  (KN<       s  ad.l.<l  t<.  <t  solu  ion 
of  cobalt,  an  orange-coloured  double  salt  is  pre    pitated,  tli>  -omft"       ,n 
of  which  is  Co(NO,,):,-(-3KNO,-l- /iH,0.     Tlus  is  known  as  Fi», 
salt,  he  having  first  desctloed  its  preparation  in  1849.     H»-  f'uu. 
cobalt,  wh(  n  in  so  dilute  a  solution  as  I  in  3,000,  is  almost  wiu>i^ 
cipitated  on  the  addition  of  potassium  nitrite. 

This  reaction  was  utilized  by  de  Koninck'  arid  Curtman 
as  a  precipitation  test  for  potassium,  and  de  Koninck,  empli 
10  per  cent,  solution  of  NaNO,  to  which  some  chloride  "(  chal. 
acetic  acid  was  added,  claimed  that  it  was  more  sensitive  than  pla 
chloride.  He  furthe-  held  that,  while  ammonia  gives  a  like  but  much 
delicate  reaction,  salts  of  magnesium,  calcium,  barium,  strontium  and  i 
are  not  aflfecteil.    He  found,  however,  that  when  the  amount  of  potassiut. 
chloride  in  solution  is  so  dilute  as  1  in  2,000  no  precipitate  ocuir^ 
Curtman  also  found  that  the  hexanitrite  of  sodium  and  cobalt  does 
not  give  a  precipitate  with  lithium,  magnesium,  calcium,  barium  oi 
strontium,  and  that  it  does  do  so  with  an.monia,  rhubidium,  cicsium,  and 
particularly  with  potassium  in  the  presence  of  sulphate.s,  phosphates, 
nitrates,  acetates  and  chlorides,  and   oidy  the  prtsenco  of  iodine  is 
unfavourable  tr  its  formation. 

More  recently  Biilmann*  fouiv.  that  by  specially  preparing  the 
reagent  it  would  precipitate  the  potassium  when  the  chloride  of  the 

'  I'oiJi).  Anmlen,  lxxiv.  p.  124.    1849. 

-  Xeit.J'iir  iniiil.  Climiii',  xx.  p.  SStO.    1H81. 

•  lift.  d.  i(.  rlirm.  (iftell.,  J«lirg.  14,  p.  Ia51.    1881. 

■•  /?<■//.  /"(■  iinal.  Chemie,  xxxix.  p.  "iSJ.    1900. 
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latter  is  m  dilute  at.  1  in  27568  of  a  binormal  »o«lintn  cl.lon.!e  «>lut>o 
while  it  will  show  one  part  of  potassium  in  the  presence  of  4000  ,.. 
sodium  in  a  10  per  cent,  sodium  chloride  solution.  The  cobrJt  reagent 
hiiH  also  been  used  by  Van  Leent  in  the  doterminutior,  of  potassium  in 
sea  water,  the  potassium  bc-ing  firnt  precipitate<l  therefrom  as  the  hexa- 
nitrite  of  cobalt,  solium  and  potasnium  and  the  latter  element  estmiated 
as  iKTchloiate.  The  r.sults  agree  very  clonely  with  those  ohtaine.!  whei. 
the  <letermination  was  made  with  platinic  chloride'.  Autenrieth  an<I 
Be^nheim^  after  trials  with  solutions  of  potassic  chloride  of  known 
strength,  which  gave  results  exceedingly  close  to  the  actual  value,  also 
employed  the  reagent  for  the  estimation  of  potassium  in  urine,  likewise 
with  results  which  on  the  whole  were  satisfactory. 

1  have  endeavoured  to  d-termine  how  far  the  reagent  is  a  precipitant 
of  potassium  in  solutions,  uning  for  this  purpose  one  which^  so  far  as  the 
salts  were  concerned,  represented  an  artificial  unne.  The  results  of 
these  determinations'  go  to  confirm  the  statement  of  Van  Leent  and 
Autenrieth  and  Bernheim  on  the  value  of  the  reagent  as  a  complete 
precipitant  for  potascium  from  its  solutions. 

The  reagent,  as  I  employed  it.  is  a  modification  of  the  one  re- 
commended by  Erdmann*  and  is  made  by  dissolving  20  grams  of 
cobalt  nitrite'and  3.5  grams  of  sodium  nitrite  in  75  c.c.  of  dilute  acetic 
acid  (i.e.  10  c.c.  of  glacial  acetic  diluted  to  75  cc).  A  vigorous  evolution 
of  nitrogen  peroxide  results.  If  the  preparation  of  sodium  nitnte  used 
contains  traces  even  of  the  potassium  salt,  a  precipitate  of  the  triple' 
salt  will  be  found  to  have  separated  out  after  some  hours,  and  this  may 
be  removed  by  filtration.  The  filtrate  is  diluted  with  water  to  100  c.c. 
and  is  then  ready  for  use.  When  a  small  quantity  of  this  preparation 
is  added  to  a  solution  of  a  potassium  salt  there  is  imm.  hately  produced 
an  orange-yellow  precipitate  of  the  triple  salt,  consisting  of  crystals  of 

>  ZHt.fliT  anal.  Chemie,  XL.  p.  569.  1901. 

2  Zfit.f.phijiiol.  Chemit,  xxxvn.  p.  29.   1902. 

»  The  amount  of  poUssium  in  50  c.c.  of  thi»  Bolntion  was  01324  gnn.  Three 
determinations  of  the  potasaium  by  the  heianitrite-perchlorate  method  gave  01302, 

01312  and  0130  gnn.  .        ^     ,    .       •  .u       j 

♦  AnorganUche  Cheviie.  1898,  p.  630.    The  reference  «  given  by  Autenrieth  and 

"'"The  Mbalt  nitrite  I  employed  for  this  preparation  of  the  reagent  wan  obtained  from 
the  Baker  and  Adamson  Chemical  Co.,  Easton.  Penn.,  U.S. 

•  The  term  "triple"  salt  or  compound  wiU.  on  account  of  its  convenience,  be  employed 
in  this  paper  to  designate  the  hexanitrite  of  cobalt,  potassium  and  sodium,  *hile  the 
expression  "double"  salt  vsill  comprehend  only  the  reagent,  the  hexamt-  e  of  cobalt 
and  sodium. 
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pentagonal  dodecaliclra  of   varying  micniwopic  nzvn  and  of  chrome- 

yellow  colour.  .  . 

The  competition  of  this  prmpitiito  varies  with  tho  compoMtu.n  ot 
the  original  solution  of  the  salts  of  p..tn*<ium.  Fischer's  s,ilt,  n.a<U'  by 
adomg  a  solution  of  a  cobalt  salt  t..  one  of  potassium  nitnte.  h>w  the 
composition  given  by  the  formula  C.K.lNOA +  2AH,().  If.  however, 
sodium  salts  also  are  present,  s.niiuni  enters  into  the  precipitate,  but  the 
au.ount  ..l.taining  in  this  latter  dep^-nds  on  that  in  r.e  original  solution. 
In  Fischer's  salt  free  from  water  the  ijotassium  is  2.')}»;»  i)er  cent.,  but 
in  the  precipitate  pnxluced  by  a.lding  the  double  salt,  CoNa  (NOA. 
to  a  solution  of  a  pota-ssium  salt,  the  potassium  wa.s  found  by 
K  lb  rf  to  range  from  IGSl  per  cent,  to  +21  per  cent,  and  that 
th  ffercnce  betv  oen  these  percenUges  and  ihat  found  in  Fischer's 
sai  was  made  up  by  the  sodium  which  varied  between  44«  and  577 
per  cent  As  a  conse.iuence  of  his  observations  Gilbert  proposes  for 
the  precipitate  caused  by  the  CoNa/NO,).  the  formula  Co(NO,), 
:HK/Na)NO,  +  nH,0,  the  value  of  n  being  either  U.  2  or  2i. 

This  precipitate  is  appreciably  soluble  in  cold  water,  and  it  issol-ublc 
in  sodic  nHrite  solutions  even  when  sodic  acetate  is  present.  It  is  in- 
soluble in  dilute  solutions  of  the  precipitating  reagent  which  may  be  used 
to  wash  the  precipitate.and  it  is  also  insoluble  in  80per  cent,  alcohol,  which 
removes  from  the  precipitate  ti-aces  of  the  precipitating  double  cojalt 
salt  Alcohol  of  this  strength  was  used  by  Gilbert,  and  other*,  for  the 
purpose  of  washing  the  precipitate.  So  far  as  known  there  is  no  other 
way  of  purifying  it,  although  it  is  stated  that  it  is  insoluble  in  solutions 
of  potassic  nitrite,  but  the  latter  can  only  be  .mploye.1  after  all  traces  ot 
the  sodium  compound,  OoNa,(NO,).,  have  Y  n  removed,  as  its  presence 
would  merely  add  to  the  cjuantity  of  the  pi  ,oipitatc. 

The  precipitating  reagent  is  itself  extremely  soluble,  and  m  con- 
sequence it  is  quickly  removable  from  the  precipitate  by  washing  with 
water  If  the  latter  is  ice-cold  the  amount  of  the  precipitate  dissolved 
thus  is  extremely  small,  and  consequently  very  cold  water  may  be  used 
to  rer  ove  traces  of  the  cobalt  salt  not  unit.^d  with  potassium. 

The  hexanitrite  of  cobalt  and  sodium  also  precipitates,  but  loss 
readily,  ammonium  from  its  solutions,  the  precipitate  containing,  doubt- 
less, ammonium  in  place  of  potassium.  The  crystals  of  this  precipitate 
are  in  form  and  size  very  like  those  of  potassium  salt.  It  is.  however, 
much  more  soluble,  and  it  is,  therefore,  incompletely  precipitated  while 
•  Die  Bentimmung  da  Kalium,  nach  quantitativer  Abickeiduug  deiielbtn  aU  Kalium- 
natriumkobaltinUrit.    Inaugnral  DiigerUtion.    TttbinRen.  1898. 
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the  crystals  arc,  even  iu  ice-cold  water,  very  woluble.  It  is  possible  in 
this  way  to  distinguish  between  the  triple  s;\lt  of  cobalt,  sodium  and 
ammonium  on  the  one  hand,  and  that  of  cobalt,  sodium  and  potassium 
on  the  other,  and  in  the  ease  of  tissue  to  dissolve  out  the  former  and  to 
leave  the  latter  where  its  precipitate  occurred  in  the  first  place. 

The  form  of  the  crystals  and  their  orange-yellow  colour  make  it  very 
easy  to  demonstrate  the  pi'  -once  of  the  triple  salt  where  the  potassium 
was  present  in  abundance.     Where,  however,  it  obtains  in  very  minute 
quantities,  or  traces,  as  is  the  case  with  many  tissues,  the  crystalline 
form  is  absent,  and  even  a  yellow  tinge  may  not  be  found.     Conse- 
quently some  other  method  of  bringing  out  the  presence  of  the  cobalt 
salt   must  be  resorted  to.     The  one  which  I  found  always  of  service 
requires  the  application  of  a  solution  of  ammonium  sulphide   which 
reacts  immediately  on  the  cobalt  of  the  salt  and  forms  with  it  the  black 
sulphide  of  cobalt.     Where    the    latter,    therefore,  obtains   after   this 
treatment  in  a  preparation  of  tissue,  potassium  salts  must  also  have  been 
present  and  as  the  black  reaction  is  so  readily  observable  iu  a  cell  or 
tissue,  it  is  consequently  very  easy  to  ascertain  the  distribution  of  even 
traces  of  potassium.     It  must  of  course  bo  undei'st<i.id  that,  before  the 
sulphide  reaction  is  applied,  all  the  superfluous  cobalt  reagent  should  be 
removed  by  washing  the  tissue  with  cold  water.     The  quantity  of  the 
cobalt  salt  in  a  tissue  not  combined  with  potassium  is  very  soluble  in 
water,  and  several   washings  of  the  preparation  of  tissue  remove  the 
reagent  so  readily  that  in  about  half-an-hour  the  last  washing  employed 
is  not  coloured  after  ten  minutes.     If  it  is  left  in  water  for  from  two  to 
six  hours  the  water  may  bo  tingetl  yellowish,  but  only  when  the  tissue 
is  bulky  and  contains  a  comparatively  large  quantity  of  the  precipitate. 
When  even  the  preparation  has  remained  for  days  in  distilled  water,  the 
latter  fails  to  remove  all  the  precipit;ite ;  and  I  have  kept  teased-out 
medullated  nerve  fibres  for  a  week  iii  a  large  (piantity  of  water  and 
found  that  the  potassium  cobalt  precipitate  is  but  very  little  diminished. 
In  observing  the  tardiness  with  which  the  triple  salt  is  removed  from 
tissues  and  cellular  elements,  one  cannot  resist   the  conclusion   that 
tissue  structures,  while  offering  no  resistance  whatever  to  the  removal 
of  the  precipitating  reagent,  are  very  retentive  of  the  precipitate. 

The  fact  that  anmionium  compounds  give  the  triple  salt  also  as  a 
precipitate  suggested  the  possibility  of  the  amido  acids  and  acid  amides 
reacting  similarly  with  the  cobalt  solution,  and  a  study  of  their  be- 
haviour in  this  respect  was  carried  out.  It  was,  however,  found  that 
neither  glycin,  taurin,  loucin,  tyrosin,  .sarcosin,  aspartic  acid,  glucosamiu 
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nor  glutamic  aci.l  precipitates  with  the  reagent,  and,  therefore,  th.ir 
presence  in  tissues   offers   no   difficuhy  in  the    determination    of  the 
presence  of  potassium.     Further,  neither  urea  nor  asparagin  combines 
with  the  reagent  to  form  a  precipitate,  and  tlie  same  must  be  said  of 
alloxan,  aliantoin,  guanidin  an('  the  purin  bodies.     Only  ')ne  compound, 
ereatin,  w.-is  found  to  react  differently,  as  a  ()-4  per  cent,  solution  of 
it  gave  at  once  an  orange-yellow  precipitate  with  the  cobalt  reagent, 
while  in  a  ()-2  per  cent,  solution  one  appeared  after  a  few  seconds.     The 
precipitate  is  a  triple  salt  and  consists  of  crystals  in  every  respect  like 
those  of  the  triple  potassium  salt.    Creatinin,  on  the  other  hand,  does  not, 
even  in  concentrated   solutions,  give  a  precipitate.     This  property  ot 
creatin  is  of  some  importance  as  the  precipitate  may  be  mistaken  for  that 
of  the  potassium  cobalt  compoun<l,  and  in  conseipience  one  must,  if  it  is 
at  all  possible,  exclude  the  occurrence  of  creatin  in  animal  tissues.     It  is 
always  present  to  the  extent  of  0-21-();jy  per  cent,  in  frog's  muscle',  and 
of  0-4  per  cent,  in  rabbit's  muscle  and,  therefore,  it  is  abundant  enough 
to  complicate  the  problem  of  determining  the  localization  of  potassium 
in   muscle  Hbre.     According   t..   Valenciennes   and    Fremy^  creatin 
is    present    in    but    appreciable    (piantities    in    the    muscles    of    the 
Mollusca,  and  they  fouinl   it  also  in  the  muscles  of  several  species  ot 
Crustacea,  but  KrukenI.erg  '  claims  that  it  does  not  at  all  occur  in 
the  muscle  of  any  Invertebrate,  and  I  have  been  unable  to  detect  even 
traces  of  it  in  c  xtracts  of  the  muscles  of  the  lobster  and  crab.     It  is  of 
course  possible  that  Valenciennes  and  Fremy's  results  were  due  to 
defective  methods,  as  ,.therwise  their  rtiulings  are  inexplicable. 

The  creatin  triple  salt  is  much  move  soluble  than  the  corresponding 
potassium  compound,  and  coiise.iuently  oiu'  may  remove  by  frequent 
washing  in  ice-cold  water  the  greater  part  of  the  creatin  suit  from  muscle 
tibre,  but  it  is  not  necessary  to  resort  to  this,  as  both  creatin  and  potassium 
are  found  similarly  distribute.!  and  localiz.'d  inside  the  fibre.  Apart, 
however,  from  this  c.nsideiation,  whatev.'r  ditticulty  there  is  in  studying 
the  localization  of  potassium  in  Vertebrate  mu.scle  fibre  does  not  obtain 
in  the  case  of  that  of  Crust.icea  and  Insecta,  in  which,  if  creatin  is 
present  it  occurs  only  in  infinitesimal  traces  and,  therefore,  in  the  last 
resort  in  this  matter  it  is  to  these  or  other  Invertebrate  forms  that  we 
must  go  to  get  unquestioned  datn  on  the  point. 


1   F.  Nawnicki.   /.fit.  fin-  iin.il.  Chan.,  iv.    p.  :H0.    IhiJ.-.. 
-•  ((iii/nds-  ;;,'H<(ii.s   Xl.i.   p.  Tii>.    180.'>.  ,.       ,        , 

:.  y,r.jl,i.-lu'n,II'hy^iohyh'l>>'  r,.,(m,K,  p.  :ilt;.  HeulcU.erK.  IHHG.    Also  krukenberR  « 
papers  in  rnU;-sucUun.,c»  ■'■  .'•  iV,y./,./.  /»»(.  •!,;■  r„ir.  lhi,hWn-;i.  in.  and  .v.    lSSO-1. 
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Creatiu  is  present  in  other  tissues  than  muscle  fibre,  as,  for  example, 
those  of  the  nervous  system  and  the  testicles,  but  in  such  small  quan- 
tities as  to  offer  no  difficulties.  It  does  not  occur  at  all  in  smooth 
muscle  fibre'. 

Oxalic  acid  and  its  salts  in  solution  give  a  precipitate  alni<^st  imme- 
diately on  addition  of  a  cobalt  salt  and,  as  oxalates  are  present  in  the 
juices  and  -  if)s  of  vegetable  forms,  it  is  sometimes  necessary  to  distin- 
guish whether  a  precipitate  in  a  vegetable  tissue  is  the  triple  potassium 
salt  or  the  cobalt  oxalate.  The  form  and  colour  of  the  crystals  of  the 
two  precipitates  are  quite  different.  One  may  further  control  the 
preparations  by  treating  some  of  them  with  a  simple  solution  of  cobalt 
acetate  when  the  localization  of  the  oxalates  only  is  revealed,  and  by 
contrasting  the  two  sets  one  may  determine  where  the  potassium  salts 
are  distributed  and  where  the  oxalates  are  found.  As  a  rule,  however, 
it  was  found  that  the  presence  of  oxalic  acid  or  oxalates  offered  no 
difficulty,  for  they  are  infinitesimal  in  amounts  in  the  cells,  while  the 
potassium  is  nearly  always  in  abundance  relatively,  and  even  of  the  sap 
in  the  fibrovascular  tissue  the  same  statement  may  bo  made.  In 
(consequence  the  presence  of  oxalates  was  disregarded,  as  not  offering  any 
difficulty  in  the  investigation. 

It  was  found  ihat  nerve  fibres  gave,  when  treated  with  the  cobalt 
reagent  in  the  uaual  way,  rather  remarkable  results,  and  at  first  these 
were  attributed  to  very  minute  traces  of  cholin.  The  latter,  in  its 
behaviour  towards  platinic  chloride,  resembles  potassium  and  ammo- 
nium-, and  it  was  suspected  that  this  resemblance  would  be  emphasized 
by  giving  a  precipitate  with  the  cobalt  reagent.  On  examination  no 
precipitate  occurred  in  solutions  of  cholin  even  when  these  were  concen- 
trated and  after  standing  for  houi^s.  On  the  other  hand  the  addition 
of  the  faintest  trace  of  a  potassium  salt  to  a  solution  of  cholin  containing 
a  (|uantity  of  the  cobalt  reagent  produced  at  once  a  precipitate. 

To  get  the  best  results  with  the  reagent  it  was  applied  directly  to 
the  fresh  cellular  elements,  and  when  at  all  possible  these  were  in  the 
teased-out  form  or,  in  the  case  of  animal  organs,  as  sections  made  from 
the  fresh  tissues  by  means  of  the  freezing  microtome.  The  freezing  of 
the  tissue  was  done  rapidly  and  for  this  purpose  the  spray  from  liquid 
carbon  dioxide  was  used.    The  teased-out  material  and  the  sections 


•  Krukenberg,  loc.  cit. 

-  Ammonium  compounds  are  present  in  cells  and  tissues  ouly  in  infinitesimal  troces 
and  it  would  appear  that  their  distribution  is  in  no  wise  different  from  that  of  the 
IHitaMiuui  salts. 
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were  at  once  placed  in  the  umliluted  reagent  for  twenty  minutes,  atter 
which  they  were  washed  with  ice-cold  water  several  times  tdl  the 
wiwhings  were,  after  remaining  on  the  preparations  for  five  minutes, 
wholly  UDColoured.  The  preparations  were  then,  without  further  delay, 
mounted  on  the  slide  in  a  mixture  of  equal  parts  of  glycerine  of  50  per 
cent  strength  and  of  concentrated  ammonium  sulphide  solution.  Such 
preparations  have  been  found  to  keep  in  a  fairly  g<.od  condition  for 
a  couph,'  of  m.mths,  but  there  is  after  this  period  a  progressive 
deterioration,  especially  in  those  made  from  animal  forms,  doubtless  due 
in  large  part  to  the  fact  that  the  cellular  elements  arc  only  very  imper- 
fectly fixed,  and,  in  consequence,  are  affected  by  the  gradual  change  in 
the  comiwsition  of  the  mounting  fluid. 

Preparations  from  vegetable  forms  keep  in  good  condition  tor  a 
considerably  longer  period.  Vegetable  tissues  and  structures  are  also 
much  more  readily  prepared.  In  the  case  of  the  Protophyta,  the  objects 
were  placed  at  once  in  the  reagent  where  they  were  left  for  about 
twenty  minutes,  after  which  they  were  washed  in  ice-cold  water  several 
times  and  treated  further  as  described  above.  Wherever  the  structures 
permitted  their  being  obtained  from  fresh  tissue,  such  were  employed 
and  prepared  in  the  same  way. 

Except  where  chlorophyll  is  absent  the  orange-yellow  colour  ot  the 
precipitate,  when  the  latter  is  very  scanty  or  iuHnitesimal  in  amount,  is 
not  of  much  service  in  determining  the  localization   o*'  potassium   in 
vegetable  cells,  for  the  natural  pigment  masks  more  or  less  the  occurrence 
of  the  precipitate.     A  further  complication  results  in  higher  vegebible 
forms  as  a  consequence  of  the  nitrous  acid  in  the  reagent  acting  on  a 
constituent  of  many  cells  and  producing  a  reddish  colour  or  a  deep 
reddish-brown  stain,  sometimes  causing  the  section  to  have  a  distinctly 
coloured  appearance  as  if  it  were  stained  with  a  brown  aiiilin  dye.     As 
a  rule  also  the  nuclei  of  all  vegetable  forms,  with  the  exception  of  the 
B'ungi,  give  a  faint  reddish  reaction  ^Fig.  17).  which  seems  to  be  due 
to  the  presence  of  some  compound,  or  eonipoiinds.  different  from  those 
which  obtain  in  the  cytophism,  and  in  fact  the  nuclear  reaction  may  be 
the  only  one  found  in  a  section.     That  it  is  caused  by  the  nitrous  acul 
of  the  reagent  follows  from  the  fact  that  it  can  be  obtained  sometimes 
with  a  solution  of  pure  nitrous  acid. 

Where  these  special  reactions  obtain  the  orange-yellow  colour  of  the 
potassium  precipitate  may  be  masked,  and  then  of  course  the  only 
decisive  t  <t  lies  in  the  production  of  the  cobnll  sulphide  reaction. 
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The  kksults. 

Potiissiuiii,  as  revealed  hy  the  hexanitrile  nietliod,  is  found  iti  three 
conditions  of  distribution  in  colls  and  tissues.  One  of  these  conditions 
is  that  of  intiltriition  or  impregnation,  antl  a  second  is  due  to  a 
precipitation,  apparently  of  a  physiological  rather  than  of  a  physico- 
chemical  character,  while  the  third  condition  arises  from  the  activities 
of  the  cytoplasm  localizing  and  circumscribing  within  itself  solutions  of 
compounds  of  this  element. 

As  an  infiltration  or  impregnation  product  it  occurs  more  or  less 
uniformly  diffused  through  e.xtra-cellular  structures,  connective  tissue 
fibrils,  the  matrix  of  articular  cartilage  and  it  is  found  also  in  tin; 
walls  of  many  vegetable  cells.  In  the  fibrovascular  bundles  of  young 
vegetable  stems  the  walls  seem  to  be,  if  not  saturated  with  pota-ssium 
salts,  at  least  impregnated  with  them  to  a  remarkable  degree.  For 
ex.ample,  in  transverse  sections  of  the  stem  of  Lilium,  Tulipa  and  Iris, 
the  bundles,  after  the  application  of  the  reagent,  give  an  intense  yellow 
reaction,  due,  as  shown  under  the  niicro.scope,  to  triple  salt  crystals, 
which,  in  large  pait,  are  grouped  in  the  immeiiiate  vicinity  of  the  walla 
of  the  fibres  and  cells  (Fig.  20).  In  the  parenchymatous  cells  tf  the 
same  sections  the  walls  give  a  deep  potassium  reaction,  even  when  there 
is  no  cytoplasm  in  their  cavities. 

In  older  fibrovascular  bundles,  and  especially  in  lignitied  tissue,  the 
potassium  is  less  abundant  and  it  is  not  uniformly  diffm-ed.  In  pine 
wood,  for  example,  the  medullary  rays  and  the  "intercellular  sub.stance" 
alone  constantly  give  a  reaction,  while  the  sieve  tubes  and  scalariform 
vessels  only  here  and  there  give  distinct  evidence  of  the  presence  of 
the  element.  in  suberin-holding  tissue  (cork)  no  potassium  ?alts 
occur. 

These  variations  in  the  extent  and  degree  of  impiv^'nation  are  due 
to  dififeiences  in  the  supply  of  sap  or  potassium-holding  fluid  obtaining 
access  to  the  affected  parts,  and  where  the  supply  is  constant  and  is 
diffused  uniformly,  the  result  is  a  uniform  distribution  of  potassium 
throughout  all  inert  material. 

The  simple  condition  of  impregnation  also  is  seen  in  the  Animal 
Kingdom  wherever  there  are  not  oidy  inert  structures  but  also 
degenerating  cells  and  ti.ssues.  In  the  developing  exoskeleta  of 
Arthropoda,  and  especially  in  the  chitinogenous  layers  <  '  the  exo- 
skeleta of  Crustacea  {Hoimtrta  and  Uiiiscits).  the  ci'lls  in  ti.  last  stage 
of  degeneration   are  highly  charged  with   pota.ssium   saltf^,  but  in  the 
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iidcgeneratod  layers  inoiv  is  very  littl(>  potiussiun.  cxcopt  thai  dispose.! 
,  the  interceHubii-  structures  vbvid-es)  and  spaces.  TW  more  ».n,rkcd 
,|,Hrrce  of  impregnation  is  duo  to  the  fact  that  t*)C  cells,  dying  or  dead, 
otTer  no  resistance  to  the  in^Uration  ef  potass,  nn-holding  fluids,  and 
the  salts  of  the  element  become  fixed  in  the  altered  cytoplasm.  Tho 
abundance,  however,  at  times  of  potassium  in  chitiniferous  tissue  seems 
to  indicate  that  altered  cytoplasmic  products  have  a  special  affinity  for 
potassium  salts.  How  the  potassium  is  held  in  this  inert  material  it  is 
not  possible  to  say,  but  it  may  be  due  to  the  formati.Mi  of  a  firm  organic 
compound.  In  this  case  the  conditira  may  be  closely  allied  to,  or  may 
in  fact  be  the  same  as.  that  illustrated  in  the  physiological  precipitates 
to  be  referred  to  below. 

Related  to  this  disposition  of  potassium  is  that  to  be  observed  in 
the  intercellular  spaces  of  epithi'lial  tissue  of  smooth  muscle  fibre  and 
of  the  constituent  elements  ef  ^he  walls  of  blood-vessels  generally.  In 
the  epithelial  tissues  the  disposition  is  at  times,  not  so  much  in  the 
interspaces,  as  in  the  very  walls  of  tw<)  adjacent  colls,  shown  by  the 
double  rows  of  granule  crystals  (Fig.  25),  but  both  interspaces  and  walls 
may  be,  as  it  were,  saturated  with  potassium  salts,  a  condition  illustrated 
in  thp  epitheliu:n  of  Descomet's  mombiuno  in  the  frog.  Whore  on  the 
other  hand,  no  interspaces  exist  .,s,  for  example,  in  the  epithelium  lining 
the  oviduct  in  the  frog,  the  v  s  imprognated  with  pota.ssium  salts, 
while  the  cytoplasm  gives  no  i       jnce  of  its  piescnco. 

In  the  living  coll  itself  potassium  may  or  may  not  occm-.  That  it 
may  be  normally  absent  can  be  seen  in  Vortlcell<i%  oxamples  of  which 
may,  at  times,  be  found  absolutely  free  from  potassium,  I'xcept  in  the 
invaginated  foo.l  masses  r.nd  in  the  water  vacuoles.  Those  are  not 
isolated  instances,  for  other  Infu.^oria  (e.<j.,  VummaaMin)  may  bo  found 
to  illustrate  this  fact,  and  the  leucocyte,  especially  tue  lymphocytic 
variety  of  it,  may  give  no  reaction  for  potassium,  while  the  nerve-cell  is 

always  free  from  it. 

W  .1  potassium  is  present  it  is  only  in  ti.e  eytoplasm  that,  it  occurs. 
The  cell  nui^letis,  whether  nf  the  Ammol  or  <-j  the  Vejetuble  Kingdom,  in 
abmhdehj  free  from  potassium.  It  never  gives  a  reaction  for  this 
element,  and,  further,  this  evidence  on  the  negative  side  is  strengthened 
by  the  fact  that  theie  is  not  an  organic  compound  of  potassium  in  which 
the  presence  of  the  latter  is  "  ma.sked  "  as  that  of  iron  is  in  chromatin, 
luomoglobin  or  the  forrocyanides.  All  the  organic  compounds  which 
contain  potassium,  includin-  the  "albuminates"  and  nucleates,  yield 
immediately  their  potassium  to  the  hexanitrite  reagent  and  it  is,  m.>ro- 
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over,  on  theoretical  grounds,  impossible  to  believe  that  there  exists  or 
can  \t;  formed  a  Cdmpound  of  potassium  which  will  not  so  react.  Con- 
sequently, the  failure  to  obtain  a  reaction  for  potassium  in  the  nucleus 
is  evidence  of  a  comprehensive  kind  in  support  of  the  generalization 
enunciated. 

The  facts  in  detail,  gles'ied  from  preparations  made  from  a  host  of 
forms,  both  animal  and  vegetable,  leave  no  doubt  on  this  point  and 
when,  therefore,  an  apparent  exception  is  fouml  the  evidence  must  be 
questioned.  For  example,  when  normal  nuclei  are  fimnd,  after  treat- 
ment with  the  hexanitrite  reagent  and  ammonium  sulphide,  to  gi\e  the 
cobaltous  sulphide  reaction,  it  may  at  once  be  assume*!  that  the  prepa- 
ration has  not  been  sufficiently  washed  with  ice-cold  water  to  remove 
from  the  nuclei  the  sodium  cobalt  nitrite,  which  has  penetrated  them 
but  has  not  encountered  there  any  potassium  to  form  the  triple  salt. 
As,  further,  the  nuclei  are  slightly  less  readily  lavable  than  the  cytoplasm 
there  is,  unless  care  be  taken,  some  of  the  double  salt  in  nuclear 
structures,  while  not  a  trace  of  it  may  be  found  in  the  cell  protoplasm. 
In  the  earlier  stages  of  my  studies  on  the  localisation  of  potassium  in 
the  cell  I  attributed  the  complete  absence  of  a  reaction  for  potassium  in 
nuclei  to  the  defective  penetration  of  the  reagent,  but  this  explanation 
will  not  hold,  for,  curiously,  the  nucleus  is  as  readily  penetrated  by  the 
reagent  as  is  the  cell  body  itself,  and  one  may  demonstrate  this  to  one's 
own  satisfaction  with  any  ordinary  preparation  of  fresh  ti.ssues  treated 
for  a  few  minutes  with  the  reagent  and  put,  without  further  treatment, 
in  the  sulphide  reagent. 

Careful  wa.shing  for  about  twenty  minutes,  with  the  wash  water 
fre(iuently  changed,  is  necessary  to  demonstrate  the  absence  of  potassium 
salts  from  the  cell  nucleus.  One  must  also  avoid  using  any  but  very 
minute  pieces  of  ti.ssue,  for,  though  the  reagent  penetrates  readily  the 
individual  cells  with  which  it  comes  in  contact,  it  does  nut  diffuse 
through  these,  in  the  u.sual  time  required  for  its  action,  in  sufficient 
amounts  to  attack  properly  the  more  remote  elements.  The  reagent 
precipitates  immediately  any  potiissium  it  meets,  bu*^,  if  rapid  penetra- 
tion of  it  does  not  obtain,  the  potassium  compounds  in  the  remoter  parts 
may  undergo  redistribution  before  the  reagent  reaches  them.  There  is, 
further,  the  disadvantage  that  when  a  tissue  is  rich  in  pota»ssium  salts 
the  penetrating  reagent  becomes  weaker  or  more  dilute  the  more  it 
penetrates.  All  these  points  have  to  be  borne  in  mind  in  estimating  its 
effect  on  the  cell  nucleus  in  tissues. 

On  this  account  a  very  clear  demonstration  of  the  freedom  uf  the 
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nucleus  from  potiv^siuui  can  be  had,  perhaps,  be^t  and  most  readily  in 
the  case  of  unicellular  animal  and  vegetable  forms.     In  those  species  o« 
Smrogym,  for  example,  in  wl     h  the  number  of  turns  of  the  enn.ma- 
lophor  spiral  is  few,  while  the  cell  is  long  and  of  considerable  transverse 
diameter,  this  result  is  easily  obtained,  for  when  the  reagent  pe  leirates 
the  cell  wall  it  at  once  attacks  the  nucleus  and  one  can  observe  the 
penetnition  of  the  latter.     Such  a  preparation  is  .luickly  washed  free 
from  thr  uncombined  portion  of  the  reagent  and  then  it  may,  with.mt 
furtluM  treatment,  be  examined  un.lcr  the  microscope  to  determine  the 
distribution  of  the  yellow  triple  salt.     Under  the  best  light,  and  with 
the  aperture  of  the  substage  iris  diaphmgrn  increased  or  dimiu'shed,  .is 
desired  not  the  slightest  shade  of  yellow  nan  be  observed  in  the  nucleus, 
although  then,  may  be  considerable  .,uantities  of  the  triple  salt  in  the 
immediate  neighbourhood  of  the  chromat.-nhor.     That  there  are   not 
even  traces  of  this  compouiul  in  the  nucleus  in  such  pr.'parations  may 
be  ma<le  certain  by  allowing;  some  solution  of  ammonium  s.ilphi.le  to 
run  in  under  the  cover-glivss. 

The  result  is  not  peculiar  to  Spirogym,  for  one  may  obtani  it  in 
Chdophora,  Oedoyoniint,  and  Chara,  in  all  of  which  the  nuclei  are  less 
favourable  objects  for  llii-:  purpose,  but  in  Zygnemi  the  demonstration  is 
as  readily  made  as  in  Spin.ffi/ro. 

Protozoa  also  yiehl  decisive  results  (4 ma'/;;;,  Vorticella,  Punimo'cinm 
and  Stentor).  In  all  the  bi nucleate  forms  of  Infusoria  the  nuicronucleus, 
as  well  IS  the  mic'-onuf  leus,  is  free  from  potivssium.  In  order  to 
obtain  preparations  of  all  such  forms  they  were  heated,  in  a  thin  film, 
on  a  cover-glass  to  110  C.  for  two  to  three  min.ites  and  then  treated 
directly  with  the  reagent. 

This  method  and  the  result  are  open  to  the  objection  that  in  the  tew 
minutes  of  fixation  there  may  occur  a  c  -mplete  redistribution  v)f  the 
potassium  ::alts.  This  objection  can  be  met  in  the  case  of  Vorticella',  for 
these  may  be  found  attached  to  Con/en-w,  and  the  latter  can  be  reaxlily 
removed  from  their  media  and  with  their  attached  organisms  put, 
without  further  treatment,  into  the  reagsnt.  After  twenty  minutes  the 
tuft  of  Cunfervw  is  removed,  thoroughly  washed  with  ice-cold  water,  and 
portions  of  it  examined  under  the  microscope  for  Vorhcelbr.  These 
when  found  may  contain  traces  of  potassium  in  thi:  cyioplivsm  only 
Such  preparations  sometimes  show,  after  the  application  of  ammonium 
sulphide,  a  brownish-red  tinge  of  colour  dififusod  throughout  the  cell, 
due  to  a  reaction  dependent  on  the  presence  of  some  unknown  orgamc 
compound  or  compounds. 
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In  the  cells  of  higher  nninial  forms  which  cnn  bf  obtaineil  in  a 
condition  which  jiermits,  reivdily  and  at  once,  the  application  of  the 
leigent,  the  result,  so  far  as  the  nuclei  are  concerned,  is  the  same.  In 
the  ova  of  Insecta  and  Cnistm-en  and  in  the  oogenotis  cells  of  the  ovary 
of  Rana,  Nectiinm  and  AtnblystoiiKi,  as  well  as  of  various  fishes,  the 
nucleus  remains  unaflfected  by  the  reagent,  although  there  may  be 
found  at  times  abundance  of  potassium  in  the  cytoplasm.  If  the  ova 
are  large  and  the  cytoplasm  rich  in  the  element,  the  absence  of  a  reaction 
in  the  nucleus  may  not  be  evident,  but  in  the  smaller  and  immature 
cells  it  is  otherwise.  Neither  is  the  result  doubtful  in  the  testicular 
cells.  The  testes  of  (hmcns,  Julus  and  I.itfwbius  can  be  removed  directly 
from  thest>  forms,  and,  owing  tt  their  very  minute  size,  placed  without 
further  manipulation  in  the  reagent.  These  cells  are  particularly 
favourable  objects,  because  when  they  are  carefully  washed  free  of  the 
uncombined  reagent  the  nuclei  and  a  large  part  of  the  cytoplasm  of  each 
cell  manifest  a  clear  silver-white  colour  in  marked  contnust  to  the  yellow 
portions  of  the  cytoplasm  which  contain  the  triple  salt.  On  the  .iddition 
of  ammonium  sulphide  there  is  not  the  slightest  trace  of  blackening 
ever  to  be  found  in  the  nuclear  elements.  In  the  testicular  cells  of  the 
frog  and  Necturu.s,  the  rat  and  guinea-pig,  complete  absence  <  if  pota.ssiuni 
from  the  nucleus  may  be  established,  although  there  are  often  in  the 
cytoplasm  of  the  spermatogonia  of  the  rat,  guinea-pig  and  other  forms, 
large  masses  seemingly  saturated  with  potassium  salts. 

The  other  animal  tissues  yield  as  definite  results  as  one  obtains  in 
the  case  of  the  ovary  and  testes,  although  the  manipulation  to  this  end 
is  often  less  easy.  The  most  favourable  for  this  purpose  are  those  which 
permit  a  y  netration  of  the  agent  and  whose  cellular  elements  are 
rich  in  pota.ssium  salts.  Examples  of  these  are  found  in  the  intestinal 
epithelial  cells,  for  these  have,  in  their  activities,  to  di.spose  of  con- 
siderable quantities  of  the  salts  and  in  consecpience  their  cytopla.sm  is 
always  more  or  less  rich  in  potassium.  In  Oinscus  and  Julus,  for 
example,  this  is  specially  the  case  during  the  sunmier  .season,  but  the 
nucleus  is  absolutely  free  from  potassium,  however  much  there  may  be 
of  it  in  the  cytoplasm  in  its  immediate  vicinity.  In  the  intestinal 
epithelial  cells  of  Vertebrates,  cells  which  are  always  excreting  potassium 
compounds,  the  nuclei  alone  are  always  free  from  them. 

The  nuclei  of  the  salivary,  gastric  and  pancreatic  glands,  of  the  livei- 
cells  in  the  rabbit,  guiuea-pig,  and  dog,  of  the  renal  and  vesical  epi- 
thelial cells  in  these  animals  ivs  well  as  in  the  frog  and  Nerttirm,  have 
all  been  found  to  be  wholly  free  from  potas.sium  compounds.     The  same 
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must  be  said  of  the  nuclei  of  muscle  fibres,  Hiuooth  (ind  strinted,  in 
the  fro^.  Nectiirm  and  -uinea-pig.  and  further  of  the  nerve  cells  of 
the  retina,  spinal  .H>rri  and  spinal  ganglia  of  these  animals,  and  the 

rabbit. 

These  and  a  number  of  isolated  observations  on  the  nuclei  of 
various  cells  in  other  forms  have  made  it  quite  clear  and  .lefinite  that 
potassium  is  an  element  wholly  foreign  to  the  nucleus,  and  that  in  this 
there  is  no  difference  between  animal  and  vegetable  cells.  In  other 
words  the  nucleus,  so  far  as  pota-ssiiim  compounds  are  concerned,  is  a 
structure  in  the  cell  wholly  apart  from  it. 

The  first  exp"  vnation  of  this  remarkable  fact  which  suggests  itself  is 
that  the  affinities  of  the  cytoplasm  for  potassium  must  be  satisfied  before 
any  of  the  element  reaches  the  nucleus,  and  that,  as  these  affinities  may 
be  extensive,  it  happens  rarely,  if  ever  at  all,  that  the  cytoplasm  attains 
the   condition   of  complete    saturation,  thus  arising    the    apparently 
universal   freedom,  from   potassium,  of  nuclear  structures.     This   ex 
planation  will  not  suffice,  for  in  the  dividing  cells  of  the  developing 
ovules  of  Lilium  tmd  Tdipa  the  free  chromosomes,  surrounded  by  a 
cytoplasm  sometimes  abounding  in  potassium  salts,  give  no  reaction 
whatever  for  that  element.    Further  the  discs  of  the  red  blood  corpuscles 
in   Amphibia  are  rich   in   potassium,  particulariy   the   zona  in  these 
immediately  adjacent  to  the  nucleus  (Fig.  23),  and  yet  the  latter  is 
absolutely  devoid  of  potassium.     In  such  there  can  b  ■  no  (luestion  of 
affinity,  for  the  very  much  greater  part  of  the  disc  of  the  corpuscle  consists 
of  hemoglobin  which  does  not  unite  directly  or  indirectly  with  potassium 
compounds.     But  the  clearest  evidence  is  furnished  in  the  results  of 
observations  on  spermatozoa.     The  head  of  the  spermatozoon,  as  well 
known,  represents  the  nucleus  of  the  spermatic  cell  which  gave  rise  to 
the  organism.    Around  the  head  there  is  a  membrane,  but  no  cytoplasm 
to  take  up  the  infiltrating  potassium  salts  which  are  in  solution  in 
the  semen.     Now  in  cover-glass  preparations  of  fresh  spermatozoa  of 
Onisciis,  Jttliis,  Nectiirus,  frog,  guinea-pig,  rat  and  man,  there  cannot  be 
obtained  the  slightest  trace  of  the  triple  salt  reaction  in  the  heads, 
although  in  those  of  man  there  may  at  times  be  seen,  in  the  membrane, 
a  slight  shadow  which  suggests  the  occurrence  there  of  a  trace  of  the 
triple  salt.     The  result  is  not  due  to  imperfect  penetration  by  the 
reagent,  as  is  clear,  first  from  the  fact  thai  when  preparations  made  with 
the  reagent,  after  slight  washing  with  water,  arc  placed  in  the  sulphide 
reagent,   the   heads  are  all  rendered  black,  and   in   the  second  place, 
from    preparations   whicli    after    tho    application    of    the    hexanitrite 
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reagent  arc  carefully  washed  'vith  water  and  afterward  treated  with 
the  sulphide  reagent,  the  headtt  then  showing  often  the  curious  faint 
reddish  tinge  that  one  finds  in  the  nuclei  of  vegetable  cells,  referred  to 
above. 

In  the  Cyanophycete  (blue-green  AlgsB)  there  is  no  nucleus,  but 
there  is  a  structure  wliich  contains  all  the  active  chromatin  of  these 
forma  and  which  is  known  as  "  the  central  body  "  (Centralkiirper).  The 
relationship  of  this  is  a  moot  question  which  I  have  fully  discussed 
elsewhere',  and  I  am  inclined  to  regard  the  central  body  as  a  struc- 
ture ant  generis,  which,  in  so  far  as  it  contains  the  analogue  of  the 
nuclear  chromatin  of  higher  forms,  performs  some  of  the  functions 
of  a  nucleus.  As  regards  the  absence  of  even  traces  of  potassium 
the  central  body  is  like  the  nucleus.  In  Oacillaria  princepa,  0.  tenuis, 
and  Tolypothrix  lanata,  potassium  compounds  are  present,  but  only 
in  the  cytoplasm  outside  the  central  body.  Though  there  is  no 
membrane,  as  in  the  case  of  true  nuclei,  there  obtains  some  process  in 
the  central  body  which  acts  as  a  barner  to  the  penetration  of  the  latter 
by  potassium  compounds.  On  the  other  hand  the  bm.  s  known  as  the 
"  red  "  granules  of  Biltschli  which  contain,  or  are  formed  of,  a  chromatin- 
like  substance  and  are,  further,  situated  on  the  outside,  or  on  the 
periphery,  of  the  central  body,  are  usually  impregnated  with  potassium 
salts  and  are,  therefore,  to  be  regarded  as  elements  apart,  not  only  from 
the  central  body,  but  also  from  nuclear  structures. 

The  cytoplasm  of  animal  and  vegetable  cells  is,  except  in  Infusoria 
and  in  the  case  of  nerve  cells,  never  wholly  free  from  potassium  which 
is  rarely  in  a  diffused  condition  in  the  cell  body.  The  element  occurs 
here  either  (1)  as  a  local  precipitate  or  a  series  of  localized  and  circum- 
scribed precipitates,  or  (2)  in  the  form  of  a  biochemical  condensation  at 
one  or  more  points  or  in  one  or  more  structures  of  the  cytoplasm.  The 
term  precipitate  is  not  the  most  satisfactory  one  to  apply  here,  for, 
apart  from  the  compounds  it  forms  with  platinic  chloride,  cobalt  hexa- 
nitrite  and  one  or  two  other  precipitating  reagents,  none  of  which 
occurs  outside  the  laboratory,  the  salts  of  potassium  are  extremely 
soluble  and  it  is,  consequently,  quite  unlikely  that  any  purely  physical 
precipitate  of  potassium  obtains  in  the  cytoplasm  of  living  cells.  This, 
however,  does  not  exclude  the  possibility  of  there  being  purely 
physiological  "  precipitates "  of  potassium  whereby  compounds  of  the 
element,  though  still  in  solution  in  the  cellular  protoplasm,  are  rendered, 
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through  their  relation  with  the  colloid  material  containing  tliein,  as  inert 
and  indiffusible  as  if  they  were  converted  into  tlie  physically  insoluble 
form.  Such  an  explanation  is  the  only  one  to  offer  in  the  caw  of 
coiifervoid  Alga-  which,  growing  in  media  rich  in  fxitassium  salts,  permit 
the  entrance  of  the  latter  but  localize  them  in  that  |)art  of  the  cyto- 
plasm immediately  under  the  membrane.  In  Diatoms  (Fig.  !'>)  the 
potassium-holding  compounds  are  confined  to  points  immediately  under 
the  test  in  such  a  manner  as  to  suggest  at  <  ice  the  character  of  the 
precipitate  for  the  localization.  A  somuwh  similar  condition  is  found 
in  higher  forms,  animal  or  vegetable.  In  the  guard  cells  of  stomata  in 
the  tulip  (Fig.  18),  in  the  mycelial  fibres  of  Aijarkiu  (Fig.  6),  and  in 
the  testicular  cells  of  Oniacua  and  the  frog,  the  potiussium  suits  are  very 
definitely  localized,  and  the  potassium-holding  structures  are  strictly 
circumscribed  bodies  in  the  cytoplasm  of  the  spermatic  cells  of  the  rat 
and  guinea-pig.  Also  in  the  ovaries  and  salivary  tubes  of  Crustacea 
and  Insecta  the  precipitate-like  character  of  the  localization  is  very 
pronounced  at  times.  Further,  at  circumscri  ted  points  in  the  medulla 
of  nerve  fibres  are  found,  not  infre(iuently,  considerable  quantities  of 
u  potassium  compound,  while  elsewhere  in  their  neighbourhood  there 
may  be  slight  or  no  traces  of  the  element. 

The  condition  which  I  have  indicated  by  the  term  biochemical 
condensation  admits  of  no  doubt,  although  its  character  is  very  ditticult 
to  explain.  Examples  of  this  condition  may  be  found  in  Spirwjyra 
(Figs.  7  and  8),  in  which  the  potassium  compounds  seem  to  be  localized 
in  the  immediate  neighbourhood  of  the  margin  of  the  chromatophor,  the 
other  cellular  structures  as  well  as  the  cell  sap  being  wholly  free  from 
them.  The  substance  that  appears  to  contain  the  potassium  compound 
is  a  colourless  plasma-like  material  in  immediate  contact  with  the 
'chromatophor  and  probably  a  very  considerable  factor  in  the  carbo- 
hydrate anabolism,  which  is  supposed  to  be,  in  part  at  least,  the  function 
of  the  chlorophyll-holding  band.  The  absence  of  potassium  elsewhere 
in  the  cell,  not  only  from  tli  nucleus  but  also  from  the  radiating  strands 
of  protoplasm  which  connet,  with  the  potassium-holding  plasma,  shows 
quite  clearly  thv  r.jwer  living  matter  has  of  localizing,  even  in  a  soluble 
form,  of  condensing,  as  it  were,  the  potassium  salts  required  for  meta- 
bolism. 

One  of  the  most  striking  illustrations  of  this  "condensation  "  in  the 
Animal  Kingdom  is  to  be  found  in  str\ted  muscle  fibre,  the  dim  bands 
of  which  are  charged  with  potassium,  vvhile  the  light  bands  are  devoid 
of  even  a  trace  of  it  (Fig.  30j.    The  disposition  of  the  element  as  it 
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obUint  here  and  in  Spirogyra  shows  that    condensation  is  due  to 
biochemical  forces. 

It  is  rometimes  very  difficult,  nay  impofwible,  to  determine  whether 
a  quantity  of  potawium  localized  in  a  cell  is  a  condensation  or  a 
precipitate.  Examples  wmch  illustrate  ths  may  be  found  in  Spirogyra 
threads  entering  the  stage  of  f'  molysis  (Fig.  11).  in  the  chlorophyll- 
holding  cells  of  the  lily  au.l  tulip  (Figs.  17  and  20). 

It  is  of  course  possible  that  there  is  no  sharp  distinction  between 
what  is  a  precipitate  on  the  one  hand  and  what,  on  the  other,  is 
a  condensation,  and  one  can  only  say  that  a  typical  instance  of  one 
is  in  character  quite  different  from  the  other.  It  is  also  possible  that 
a  precipitate  and  a  condensation  prodtict  may  occu'  together,  and  this 
explanation  would  appear  to  serve  in  the  case  of  some  vegetable  cells 
in  which  aggregates  of  pota8.sium-holdiiig  material  are  in  close  relation 
with  the  cell  nucleus  (Fig.  17  d). 

Of  one  point  there  is  apparently  no  doubt,  and  it  is  that  by 
precipitation  the  cell  gets  rid  of,  or  renders  inert  all  excess  of  dissolved 
and  diflfused  potassium  salt*  This  is  the  c&^e  specially  with  those  of 
leaves  and  other  vegetable  t.  inspiration  organs.  The  current  of  water 
from  the  roots  always  carries  in  solution  inorganic  salts  to  the  leaves, 
and  those  of  potassium  are  by  no  means  the  least  in  quantity.  On 
evaporation  they  are  left  in  the  leaves,  and  of  course  quantities  accu- 
mulated there  depend  on  the  soil  in  which  the  organism  grows,  on  the 
quantity  of  fluid  transported  to  the  leaves  and  on  the  degree  of  humidity 
of  the  atmospheric  medium ;  but  in  every  case  it  is  considerable,  and 
more  potassium  must  reach  the  colls  than  they  require  or  than  is 
avourable  to  the  biochemical  activities  of  the  cells.  This  excess  is 
disposed  of  by  them,  it  being  packed  away  or  "precipitated"  in  an 
inert  form  in  portions  of  the  cytopla.sni,  as  illustrated  in  Fig.  17  a.  This 
would  explain  why  it  is  that  the  ash  residues  of  many  vegetable  forms 
vary  so  widely  in  their  composition,  and  especially  in  regard  to  the 
percentage  of  the  potassium  found.  It  explains  also  why  some  plants 
grow  equally  well  in  soils  rich  or  poor  in  potash  salts,  and  whose  ash 
residues  vary  accordingly  in  the  amount  of  the  potassium  present.  It  is 
in  this  way  that  vegetable  forms  acquire  the  capacity  to  tolerate  the 
presence  of  large  quantities  of  potassium. 

Neither  in  the  nucleus  nor  in  the  cytoplasm  of  the  n*  ve-cell,  as 
already  stated,  is  there  a  trace  of  potassium.  Preparations  of  the 
jraDfrlia  of  the  pasterir-r  spinal  roots  and  of  the  sympathetic  in  the 
frog,  rat  and  guinea-pig,  show  potassium,  often  in  abundance,  in  the 
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tiaane  elementa  between  the  nerve-cclli  and  •omcti.  »  is  upecially 

the  c.„«5  with  thixic  of  the  Hympathetic,  on  tbf '  «urfacc,  bnt  the 

hexanitrtte  leaveH  their  cytoplasm  ubMoliiti'ly  .dcted.     The  Huper- 

ficially  tlepo«ite<l  potawtiinn  in  the  sympathetic  'N  of  the  frog  may  be 
in  such  tjuantities  in  nome  instances  that  the  triple  wilt  which  it  fornm 
nay  wholly  obscure  the  view  of  the  interior  of  the  oellH,  but  this 
ilirticulty  may  be  overcome  by  j»res8Urc  on  the  covt-r-glaiw  and  so 
displacing  the  superficial  precipitate.  In  the  nerve-cells  of  the  retina 
ituch  a  superficial  <lepo«ition  of  potashium  does  not  obtain,  nor  is  it 
found  in  the  nerve-cells  of  the  cerebral  cortex  or  of  the  anterior  cornua 
of  gray  matter  in  the  spinal  cord  in  the  gtiinea-pi>{  and  frog.  To  shov 
this,  thin  sections  front  fresh  material  frozen  with  the  carbon  dioxide 
spray  «  re  treated  with  the  leagent  for  ten  minutes,  washed  carefully 
and  n.  ;unted  in  a  mixture  of  glycerine  and  ammonium  sulphide.  In 
such  preparations  the  nerve-cells  appeared  as  white  or  absolutely  un- 
.sh^led  structures  in  a  more  or  less  shailed  (dark)  gniy  mutter. 

This  freedom  from  potassium  is  found  also  in  the  dendrites  and 
axons.  As  regards  the  former,  the  demonstration  is  not  readily  made, 
for  these,  being  very  minute  structures,  are  difficult  t()  bring  into  view 
or  to  isolate  for  the  purposes  of  examination.  They  form,  however,  the 
by  far  greater  part  of  the  outer  and  inner  molecular  layers  in  the 
retina;  and  these  layers  in  the  frog  give  no  reaction  for  potassium, 
although,  at  times,  one  may  see  other  .structures  which  present  a 
curious  reseniL'.-uce  to  the  synapsis  of  dendrites  (Fig.  32o).  In  the  case 
of  the  larger  nerve-cells  of  the  spinal  cord  of  the  frog  the  polar  processes, 
as  far  as  they  can  be  traced  in  the  gray  matter,  show  no  evidence  of  the 
occurrence  in  them  of  any  potassium  compounds. 

Tiie  case  of  the  axons  is  much  clearer.  In  preparations  of  the  sympa- 
thetic in  the  guinea-pig  and  frog  the  non-niedullatcd  fibres  may  show 
a  faint  pota'-sium  reaction  in  their  neurilemmas,  but  not  in  the  axons 
themselves.  Non-meduUated  fibres  from  Iiisecta  and  Crustacea  are  not 
less  decisive  on  this  point  and  are  favourable  objects  for  its  demonstra- 
tion. The  fact  is  rendered  clear  also  from  preparations  of  meduUated 
nerve  fibres.  In  these  latter  the  fat-holding  sheath  offers  some 
resistance  to  the  penetration  of  the  reagent,  for  in  the  case  of  single 
isolated  fibres  from  the  sciatic  of  the  frog  somewhat  less  than  half-a- 
minute  is  required  for  the  passage  of  the  reageat  to  every  part  of  the 
axis  cylinder,  the  paths  which  it  takes  being  the  trabeculffi  of  neuro- 
keratin and  through  the  node"  of  Ranvier.  The  result,  however,  is  the 
a-vme  even  when  the  reagent  obtains  immediate  access  to  the  axon,  as, 
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when  on  isolating  the  fresh  fibres  by  teasing,  the  medulla  happens  to  bo 
torn  away,  leaving  the  axon  uncovered.  Also  in  transections  of  the 
fresh  spinal  cord  of  the  frog  iu  which  there  is  ready  peuetiation  of  the 
reagent  to  every  part,  the  axis  cylinder  gives  no  reaction. 

The  medullary  sheath,  on  the  other  hand,  contains  potassium, 
sometimes  in  abundance,  but  not  usually  uniformly  distributed.  It  is 
found  in  the  neurokeratin  trabecular,  but  often  more  in  those  parts  of  the 
latter  which  are  immediately  ..:ljaceut  to  the  axon,  and  in  conse(]ueuce 
the  latter  may  appear  in  such  preparations  as  a  merely  negative  image, 
or,  to  state  it  differently,  as  a  white  shaft  or  strand  enclosed  in  a 
coloured  tube  (Fig.  :J8c).  The  two  thus  appear  iu  contrast,  the  dis- 
tinction between  the  innermost  portion  of  the  neurokeratin  framework 
and  the  axon  being  of  the  shari)est  degn^e.  When  the  axon  does  appear 
coloured  it  is  found  due  to  the  colour  in  the  sheath  through  which  it  is 
seen. 

In  addition  to  the  potassium  occurring  more  or  less  diffusely  in  the 
neurokeratin  framework,  (luantities  of  it  are  found  in  minute  masses  or 
in  bizarre  tnictures  to  be  observed  here  and  there  through  the  sheath. 
These  are  sometimes  immediately  adjacent  to  the  axon,  sometimes 
immediately  beneath  the  neurilemma  (Fig.  liHb).  In  the  nerve  fibres  of 
the  rat  and  in  some  of  those  of  the  frog  one  observes  structures  like 
those  represented  in  Fig.  'U  h,  oval  or  ci^rcular  rings,  formed  of  granules 
constituted  of  potassium-holding  substance  and  sometimes  a  central 
mass  of  the  same  material.  These  rings  are,  in  the  rat,  regularly 
distributed  along  the  fibre,  which  has  a  remarkable  appearance  in 
consequence  (Fig.  .S9n). 

Frequently  under  the  sheath  and  in  contact  with  the  axis-cylinder 
are  minute  potassium-holding  niassi>s,  sometimes  in  groups  but  more 
often  i.siilatud  and  distributed  at  irregular  intervals  in  the  extent  of  the 
fibre  between  the  nodes  of  Raiivier.  The  sizi;  dt  these  varies  very  much, 
but  they  may  be  but  minute  granules.  Sometimes  also  the  largest  of 
then)  may  be  seen  to  be  composed  of  aggregations  of  minute  granules. 
The  variability  in  size  and  density  is  found  also  in  the  potassium-holding 
material  observed  at  the  nodes  of  Kanvier  or  in  their  neighbourhood. 
Here  often  there  may  be  what  appears  to  be  a  deu.se  mxss  surrounding 
the  fibre,  the  shape  of  the  mass  varying,  but  partaking  sometimes  of  the 
appearance  given  the  silver  method  employeil  to  demonstrate  the  nodes. 
In  nerve  fibres  from  the  i'rog  the  potassium  reaction  is  sometimes  a 
diffuse  one  in  the  neighbourhood  of  the  node,  where  also  the  potassium- 
holding  material  may  be  a  collection  of  fine  granules  situated  between 
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.he  axis-cylinder  and  the  sheath  and  extending  for  some  rlistance  on 
either  side  of  the  node  (Fi<,'.  »7).  It  may  even  happen,  though  rarely, 
that  the  part  of  the  fibre  in  the  immediate  neighbourhood  of  a  node 
gives  no  evidence  of  the  presence  of  potassium,  but  further  down  the 
fibre  i.s  a  granular  precipitate  of  it  (Fig.  'M'xiY. 

That  even  at  the  node  the  axon,  though  completely  surrounded  by, 
or  immediately  in  contact  with,  potassium-holding  material,  is  free  from 
traces  of  the  elt;meiit  may  be  clearly  demonstrated  by  carefully  jnessing 
the  cover-glass  down  on  the  preparation  so  as  to  bring  into  view  the 
part  of  the  axon  covereil  or  surrounded  by  the-  potassium-holding  ring. 
Also  in  the  course  of  teasing  <.ut  the  libres,  after  they  have  been  treated 
with  the  reagent,  it  happens  now  and  then  that  the  sheath  is  torn  away 
at  the  node,  where,  in  consenuence,  the  potassium-holding  material 
is  displaced  sufficiently  to  expose  the  underlying  reactionless  axon. 

Tiie  marked  and  constant  potassium  reaction  at  the  nodes  indicates 
that   there  is    at    tliese    points    an    nn\isual    distribution   of  inorganic 
compounds.     Potassium  salts,  as  already  pointnl  out,  are  not  confined 
to    the   nodes,  being  at  other    points   distributed    in   thr   sheath   and 
between  it  and  the  axon,  but  it  is  characteristic  of  the  nodes  to  di.splay 
an  abuiidaiiee  of  material  which  reacts  orange-yellow  with  the  hexani- 
trite  reagent.     The  potassium  present  is,  in  large  jiart,  perhaps  united 
with  chlorine,  for   I  bidievc   that  th.>  silver  reaction,  as  employed   by 
Ranvier  and  others  to  demonstrate  the  nodes,  is  due  to  the  formation  of 
chloride  of  silver  which  undergoes  its  char.icteristic  change  under  the 
action  of  light.     Tlie  view  usually  accepted  is  that  there  is  some  organic 
material  in  the  nodes  which  also  fixes  the  silver  nitrate  in  itself  and 
which  redi.^.s  the  latter  in  sunliglil.    This  cannot  be  readily  accepted  for 
the  reaction  is,  as  I  observed  it  in  the  frog,  often  of  ,a  minute  granular 
character,  aiui  in  scune  cases  also  the  node  itself  gave  no  reaction  while 
i.ne  was  obtained  on  either  side  of  it  for  some  <iistance  along  the  axon. 
The  confinement  of  the   reaction   to   the   nodes  and   tluir   iiimiediate 
neighbourhood  is  not  evidence  that  chlorides  are  not  present  elsewhere 
in  the  fibres,  for   the   nagent  does   not   penetrate   them    very  readily, 
except  at  the  nodes  and,  of  course,  here  the  chloride  precipitate,  once 
formed,  would  be  a  barrier  to  further  penetration.     If,   however,   the 
reagent  contains   free   nitric   acid   its   penetrating  power   is    increased 
somewhat  and  then  one  may  w.metimes  see,  botli   in  the  sheath   and 
between  it  and  the  axon  in  some  fibres,  minute  granules  distributed 

>  So  far  as  my  obstivatious  no,  laive  lucparations  from  sumnuT  fioKH  do  not  contain 
as  iimcli  iiotassiuiii  as  tliuse  from  the  winter  frot?  show. 
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more  or  less  uniformly  between  the  nodes.     Thes.-  are  probably  due  to 
the  presence  of  chlorides  and  especially  of  chloride  )f  potassium. 

Potassi\im  compoiimls  af  also  found  in  ihi:  medullary  clefts  or 
imbrications  of  Lanterman  and  in  Frommann's  rinjis.  The  former  may 
in  .some  fibres  be  brought  into  view  very  distinctly  by  the  potassium 
reaction,  while  in  others  the  external  portion  only  of  the  imbrication 
may  be  revealed  (Fii;.  40),  and  then  one  may  see  that  there  is  no  break 
in  the  continuity  of  the  external  border  of  the  sheath. 

The  material  constituting  the  membranes  of  the  imbrications  is 
continuous  with  the  neurokeratin  of  the  adjacent  portions  of  the 
medulla  and  is  formed  of  that  substance.  This  explains  the  occurrence 
of  potassium  therein,  for,  as  it  is  inert  material,  it  undergoes  impregna- 
tion with  compounds  of  the  element. 

The  rings  of  Frommann  were  only  occasionally  seen,  and  when 
observed  they  were  usually  found  remote  from,  or,  at  least  not  adjacent 
to,  the  nodes  of  Ranvier.  The  parts  of  the  rings  revealed  by  the 
reaction  were  very  thin  bands  around  the  axon  and  dispo.'<ed  at  regtilar 
intervals  along  the  fibre.  Tlicy  appeared  t.i  be  imlependent  of  the  ax<m 
and  to  be  formed  of  neiirokei-atin.  Wherever  they  occmred  there  were  no 
other  precipitates  or  collection  of  potassium-holding  material  between 
the  sheath  and  the  axon,  but  the  neurokeratin  of  the  former  was 
impregnated  with  compounds  of  the  element  and  these  were  also  present 
in  the  nodes  and  their  immediate  vicinity. 

In  striated  muscle  fibre  there  is  a  remarkable  disposition  of  the 
potassium  comjxmnds.  This  is  most  distinctly  shown  in  preparations 
from  Inseeta  and  Crustacea,  particularly  on  account  of  the  ease  with 
which  the  nui.sele  fibrils  in  these  may  be  isolated  for  the  purpose  of 
bringing  the  reagent  into  intimate  contact  with  them,  and  because  also 
of  the  large  size  in  them  of  the  couslituent  parts  of  the  fibril.  The  value 
of  these  and  other  Invertebrate  preparations  also  c<insists  in  the  fact  that 
they  do  not,  as  pointed  out  above,  contain  creatin,  which  is  a  constituent 
of  Vertebrate  muscle  and  which  reacts  with  tlie  hexanitrite  reagent  to 
a  considerable  degree  like  potassium.  In  the  wing  muscles  of  beetles 
and  the  claw  nuiscles  of  the  crayfish  the  very  clearest  results  were 
obtained,  the  dim  band  alone  giving  t'  reaction,  the  whole  of  the 
light  band,  including  the  doubly  refr;:  i\e  material  of  Dobie's  line, 
maintaining,  even  after  long  application  of  the  reagent,  its  pristine 
clearness.  In  the  wing  mu.scles  of  the  scavenger  beetle,  in  the  resting  or 
relaxed  condition,  the  reaction  as  a  rule  appears  most  marked  in  zones 
near,  but  not  immediately  adjacent  to,  either  end  of  the  disc,  the  two 
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zones  in  each  .lisc  being  separated  by  one  in  which  the  reaction  is  often 
much  less  .listinct.     At  the  extreme  en.U  of  the  disc  the  reaction  is  less 
intense  and    there    is,  sonuU.nes,  no   very  sharp   line  of  .len.arcatmn 
between  tlie  liglit  and  the  dim  bunds  (Fig.  30(()- 

Inthe  contracted  fibril  there  is  a  slight  redistribution  -f  the  potassium, 
for  the  deepest  effect  is  given  in  the  centre  of  the  dim  band  whieh  how- 
ever may  not  be  .letected  ov.ing  to  the  marked  reaction  ot  the  din,  ban.l 
as  a  whole.     This  reaction  give<  also  a  sharp  border  to  the  light  zones 
which  as  in  the  nneontraeted  or  nsting  fibril,  are  unatieeted  ( F  ig.  Mb). 
That    these   reactions    in    the   dim    bands  are   not   due   simply   to 
impregnation  ..f  the  doubly-refra.^tive  material  with  cobalt  salt,  rather 
than  to  the  triple  salt  reaction,  may  be  n.ule  evident  in  earetuliy  washe.l 
preparations,  but  the  clearest  indications  regarding  this  are  turmshed  by 
muscle  preparations  from  certain  Vertebrates.     In  these  the  fibres  are 
to..  M.;ck  to  permit  of  rapi.l  penetration  of  the  reagent,  and  they  cannot 
be  resolved  int..  fibrils  without  altering  their  chemical  character  and  thu.s 
redistributing  their  ii.organi,-  .omp.mnds  to  -nu"  extent.    VV  hen  a,.plied 
direetlv  to  the  fibres  th.'  reag.nt  conse.p.ently  affects  only  their  more 
superficial  parts,  that  is,  ih.-se  .n.m,.diat,-ly  u.ule.neath  the  sarcolemma. 
Here  the  reaction  in  normal  preparations  is  found  to  be  a  umt..rm  one 
thn.n.di.mt  the  substance  ..f  the  .lin.  band  m  the  high..r  \  ertebrates 
(e.c,.,  the  guinea-pig),  but  in  the  frog  it  .■onsists  of  a  more  or  less  granular 
precipitate,  the  grannies  b..ing  of  irregular  size  and  some  also  ot  semi- 
crystalline  form  (Figs.  29,  a-c).     The.se  may  not  be  due  t,.  potassium 
alone,  for  c.vatiu,  instea.l  ..f  the  latter,  may  enter  int..  the  composition 
of  some  ..f  them,  in  which  case  they  would  be  indistinguishable  tr.-n  those 
ot  the  potassium-holding  kind;  but  th..  imp..rtant  p.nnt  is  that  d  there 
are  kinds,  s..  varying  m  their  comp..si.^  a..  th..y  are  c.nhne.l  to  th..  dim 
bands,  vet  do  .i..t  occupy  the  whole  ar.a  ..r  v,.lume  of  th.'  latter  whereas 
,f  the  results  were  due  t..  simple  impregnation  it  would  n..t  be  h.calize.l, 
as  in  this  ease,  to  p.rtions  only  of  these  bands.  ,      .      ,  ■ 

There  are  other  facts  which  indicat,.  that  the  n.act,..u  obtained  ism.t 
due   t.>   impregnation.      Solutions   of  cobalt  acetate  applied  .hre.tly   t.. 
mu.scle  fibre  tether  fr..m  .he  guinea-pig  or  the  frog  will  n..t  give  results 
like  that  described  ab..v..,  but  will  rather  tend  t..  impregnate  both  l.gh 
and  dim  bands  ali:..,  and  when,  with  great  care,  its  distribnt,.,n  is  linii  ed 
to  th..  dun  baiMUit  is  not  c....fin..d  t..  p.ati-.ns  ..f  th.-  latter,  as  is  the 

case  with  the  hexanitrite  .■ompounds  in  frogs  muscle  fibre,     tnrtl.er, 
^vhen  the  peiietrati....   ..f   the   fibre  is  tardy  ..r  when  the  preparaf... 

previously  to  treatment,  is  allow.,!  to  remain  untouched  some  time  betore 
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bringing  the  reajrent  to  act  on  it,  the  disposition  of  the  granular 
precipitate  may  be  quite  different  from  that  obtained  in  normal 
preparations.  I  have  in  such  preparatioii-  found  the  grannies,  some- 
times in  the  light  bands  alop"  and  soioetimes  along  the  line  of 
separation  between  two  adjaceni  iiglit  and  dim  bands.  In  other  casen 
again  the  reaction  is  unit'nrn)  throughout  the  whole  sarcoplasmic 
"network,"  and  granules  arc  not  shown. 

The  explanation,  which,  with  some  reserve,  I  advance  for  these 
abnormal  results  is  that  in  the  preparations  illustrating  them  there  had 
occurred  in  the  fibres,  before  they  were  s)ibjected  to  the  action  of  the 
reagent,  a  redistrihutio.-  of  the  potassium  compounds,  and  possibly  also 
of  the  creatin,  and,  as  a  conseijueiice,  ditl'erent  structural  elements  were 
rendered  visible  by  the  reaction.  This  in.iy  also  be  to  a  certain  extent 
the  true  explanation  of  the  conflicting  suits  of  observers  regarding 
the  finer  structure  of  muscle  fibre,  for  the  parts  in  (juestion  are 
exceedingly  minute  and  thus,  even  in  normal  cases,  m:ike  the  interpre- 
tation of  what  is  observed  very  difficult,  but  the  difficulty  would  be 
greatly  increased  if  there  were  a  shifting  of  the  soluble  constituents  of 
the  fibres  from  one  minute  point  to  another,  thereby  making  the  results 
of  the  treatment  with  simple  staining  reagents  more  or  less  ditlerent 
from  what  they  are  in  the  case  of  normal  or  unaltered  tissue. 

I  have  not  once  succeeded  in  obtaining  a  satisfactory  <len)onstration 
of  the  distribution  of  potassium  in  the  cardiac  nuiscle  fibre  Oi'  the  frog, 
but  in  that  nf  ninmmals,  and  specially  of  the  guiiica-iiig,  such  a  demonstra- 
tion has  lieeii  often  obtained.  The  potassiiim  found  is  confined  to,  and 
uniforiidy  distiilmted  throughout,  tlu'  dim  bands,  which,  through  the 
cobaltous  sulphide  reaction,  appear  in  a.s  quite  a  marked  contrast  to  the 
light  bands  as  in  the  case  of  the  fil)res  of  the  scavenger  beetle.  There 
is  no  evidence  of  any  concentration  of  the  potassiu'"  .salt  in  the 
neighbourhood  of  Henseii's  line,  but   tliis  nnv  have  due  to  the 

absence  of  contracted  cardiac  fibres  from  my  prepara  1  have  n'>t 

observed  in  >uch  cardiac  nni.scle  fibre  any  tendency  for  vue  reaction  to 
develop  a  granular  precipitate  contined  to  portions  of  tlie  diiii  baud, 
in.stead  of  the  uniform  distribution  described. 
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Although  a  large  ntimber  of  observations,  on  a  wide  range  of  forms, 
animal  and  vegetable,  regarding  the  distribution  of  potassiinn,  have  been 
made,  it  is  not  yet  pos^lble  to  formulate  with  certainty  conclusions  as  to 
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the  rnlo  or  roles  played  by  the  elemoiit  in  living  niiittor.  This  raw  only 
be  done  when  the  range  of  forms  exaininetl  for  this  pini>ose  is  in\ich 
more  extensive  than  I  have  employed  to  this  eml,  and  when  the  eells  of 
all  types,  and  showing  all  species  of  activity,  have  been  ear.'fully  studied 
with  the  aid  of  this  method. 

It  is,  nevertheless,  possible  now  to  discuss  certain  general  features 
which  the  results  already  obtained  make  manifest,  and  it  is  also  of 
advantage  to  do  so,  in  order  to  nidicate  the  lines  which  further  investi- 
gation must  take. 

There  is,  first  of  all,  no  difticulty  regarding  the  potassium  salts  of 
impregnation,  and  especiMlly  in  those  casts  where  the  material  atfected 
is  inert.  This  is  a  ptr  ly  physical  phenomenon  in  which  vital  processes 
play  no  part,  except  when  the  inert  material  is  situated  in,  and 
surrounded  by,  cytoplasm.  Then  the  potassium  present  represents  a 
portion  of  that  excreted  or  disposed  of  by  the  .iclne  living  matter. 

There  is,  further,  littl"  difficulty  regarding  the  potassium  of  pre- 
cipitation. Its  abundance  in  the  cells  of  vegetable  forms,  who>e  media 
are  rich  in  salts  of  the  element,  or  in  whose  transpiration  eurnnts  they 
are  jirescnt  in  considenible  ipiantities,  makes  it  apparent,  as  previously 
indicated,  that  this  is  a  metiiod  which  living  matter  has  of  disposing  of 
the  piantity  of  |)otassium.  in  excess  of  what  it  rei|uins  for  its  functions. 
It  is,  as  already  pointed  out,  very  difficult  to  distinguish  in  souu'  cases 
between  a  prv  "•■•tato  and  a  condensation,  that  is,  a  ipiantity  of 
potassium  salt  concentrated  at  a  i>oint  in  the  cytoplasm  to  assist  the 
metabolic  fuintions  of  living  matter.  There  are,  however,  enough  facts 
regarding  the  hitter  condition  alone  which  enable  us,  in  discussing  the 
role  of  potassium,  to  eliminate  the  proces.ses  due  to  precipitation. 

It  may  also  be  reg.;rded  as  eert.iin  that  potassium  does  not  subserve 
either  the  generation  or  conduction  of  nerve  im])idse.s.  If  pota.ssium  is 
so  employed  it  must  be  in  amounts  infinitesimal,  or  so  minute,  that  they 
are  beyond  the  limit  of  detection  by  a  reagent  and  a  nutliod  sensitive 
enough  to  precipitate  <)!)  per  cent,  at  least  ol  the  ],ot:issium  in  solution. 
Such  infiniiesimal  amounts  of  potassi  iiii  would,  in  ordinary  ipiantitative 
chemical  analy.sis,  be  either  unweighabie,  or,  if  within  the  limits  of  the 
ponderable,  be  ascribed  to  impurities  derived  from  the  adventitious 
tiss\ie  elements  (|uil.-,  or  practically,  inseparable  from  nerve  cells  and 
axons.  To  postulate  such  an  attenuatetl  dilution  of  the  pota.ssium  ions 
as  serving,  for  -.vunpie,  for  the  conduction  of  nerve  iir,]iulses  along  an 
axon,  is  to  make   it  open  to  question  whether  we  cm  derive  much 
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assistance   from   the  electrolytic   theory  in  trying  to  understand  the 
conductivity  of  nerves. 

It  is  possible  that  such  conductivity  depends  on  the  presence  of  a 
sodium  compound,  but  that  compound  cannot  be  the  chloride,  for,  in 
preparations  appropriately  made  with  nitrate  of  silver,  used  as  a  micro- 
chemical  reagent,  chlorides  cannot  be  demonstrated  in  either  the  nerve 
cell  or  its  axons,  although  it  may  occur  at  the  nodes  of  Ranvier 
and  at  other  points  in  the  fibre  exterior  to  the  axon.  The  sodium 
caimot  occur  as  a  phosphate,  for  by  the  nitric-molybdato  method  the 
nerve  cell  and  its  axons  are  shown  to  be  free  from  inorganic  phosphorus- 
holding  compounds.  Are  we  then  to  suppose  that  sodium  occurs  as  a 
sulphate,  or  a  carbonate,  or  both,  the  anions  as  well  as  the  kations  of 
which  are  not  demonscrable  by  any  microchemieal  method  at  present 
at  our  disposal  ? 

The  evidence  is  also  clear  reganling  the  freedom  of  the  nucleus  from 
potassium.  Here  also,  as  in  the  ca-^e  of  neive  cells  and  their  axons,  one 
could  i)erhaps  postulate  the  presence  of  potassium  in  such  minute  ipian- 
tities  as  would  defy  detection  ;  but  it  may,  very  properly,  be  held  that 
with  a  very  delicate  reaction,  giving  negative  results,  it  is  not  of  much 
service  to  resort  to  refined  explanations  on  the  point.  Fmlher,  the 
negative  result  is  corroborated  by  the  absence  of  chlorides  and  inorganic 
phosphates  from  the  nucleus,  as  demonstrated  by  the  silver  nitrate  and 
the  uitric-moiybdate  methods,  is  it  p.issiblc  that,  potassium  coi.ipounds 
and  all  plu.sphates  iuid  chlorides  being  absent,  the  sulphates  and 
carbonates  of  sodium  alone  obtain  in  the  nmleus  '.  The  negative  answer 
to  this  ,,uestion  would  practically  involve  the  conception  of  the  nucleus 
lus  a  structure  in  which  only  organic  compounds  are  present.  Potassium 
being  absent,  does  there  occur  in  it  such  a  compound  as  sodium  nucleate? 
Assuming  the  absence  of  all  inorgiiiiic  salts'  the  latter  compound  would 
constitute  the  only  electrolyte  which  the  nucleus  might  contain. 


'  So  far  n»  tlip  nucroeliciiiiciil  iwietiuiis  for  calcium  arc  Herviceablc  they  do  not 
sliow  itH  ocuurrciicc  Jii  tlic  nucleus.  Tlic-c  reactions  arc  of  course  not  nearly  as 
sensitive  as  tliose  fur  |)otassiuni  or  iron  are.  ami  conseciuently  one  cannot  reKunl  tlieni 
as  establisliiuK  the  absence  of  calcium  salts  from  tlie  nucleus,  but  the  sulphate  ami 
carbonate  are  insoluble,  the  i.h.isphate  lurnely  so,  while  chlorides  and  inortianic 
phosphates  do  not  occur  in  the  nucbus.  What  suit  of  calcium  could  then  obtain  in 
the  nucleus  except  a  nucleate  or  further,  one  in  which  the  occurrence  of  the  calcium 
is  maskid .'  Loew  holds  also  that  the  maj,'nesium  serves  for  the  a.~-imilation  of 
phosphates  or  as  a  carrier  of  the  latter  to  points  wliere  sucli  assimilation  occurs. 
This  would  exclude  uia>;nesium  from  the  niicleus  except  in  infinitesimal  ciua)itities. 
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With  the  freedom  of  the  nucleus  from  potassium  salts  and,  .n 
fereutially  also,  from  other  inorganic  compounds,  it  woul<l  follow  on 
morphological  grounds  that  the  head  of  the  siHTmatoznou  sh.mld  b.' 
lacking  in  such  compounds,  and  the  facts  so  far  obtained  in.iicate  clearly 
that  it  does  not  contain  potassium.  If  fertilization  of  tlie  ovinn,  as  has 
been  suggested,  is  due  to  transference  of  inorganic  salf  to  ihe  female 
cell,  those  uf  potassium  cannot  be  amongst  them,  uidess  such  salts  are 
taken  up  by  the  head  just  previously  to  its  penetration  of  the  ovum. 

The  facts  regarding  localiziitioii  of  potassi\up.  in  the  cytoplasm 
demonstrate  the  power  which  living  matter  has  of  shifting  to  this  or 
that  point,  or  even  excluding  from  itself  altogether,  salts  of  the  element. 
Most  instructive  on  this  point  are  preparations  of  the  corneal  and  vesu-al 
epithelium  of  the  frog,  in  the  cytoplasm  of  which  there  may  not  be  a 
trace  ol  potassium  while  the  intercellular  substance  and  spaces  nuiy  be 
saturated  with  the  clement.  There  is  thus  in  livl- g  protc.plasm  a 
directing  force  controlling  the  distribution  of  potassium  .salts,  a  force 
apparently  opposed  to,  or,  to  express  it  with  a  due  degree  of  cautu>n, 
more  refined  than,  the  ordinary  physical  fortv  comprehended  by  the 
term  osmosis.  This  force,  or,  perha|)s,  group  of  j.rocesses,  nuist  be 
exercised  in  a  more  marked  degree  in  the  vase  of  the  mideus  to 
preserve  it  free  from  potassium  salts. 

There  remain  the  nutabolic  processes  in  which  the  presence  of 
potassium  may  be  a  necessary  factor,  and  here  the  data  '-e  not 
sutficiently  lunnerous  to  permit  the  fornuiiation  of  exact  conclusions'. 
The  facts  so  far  ascertained  point  deHnitely  to  a  partici])ation  in  .some 
way  of  potassium  salts  in  the  jwices.ses  of  as.^^imiiation  and  perhaps  also 
in  thi.-e  of  dissimilation.  In  Zi/gnetmi,  and  particularly  in  Sjiirmjiint 
the  close  a.ssociation  of  the  potassium  >alts  with  the  neighboiuhood  of 
the  chromatophor  suggests  that  compounds  of  jKitassium  enter  into  the 
synthetic  processes  concerned  in  the  foituation  of  carbohydrates.  Kven 
in  the  higher  vegetable  firms  potassium  salts  accompany  chlorophyll, 
although  the  association  is  not  as  striking  as  it  is  in  Spinnjiini. 

In  the  growth  and  fornuitioi'  of  vegetable  cell  walls  potassium  seems 
to  play  a  part.  In  the  spores  of  /'^■iiiiset'uii  iifrense  (Fig.  1(>)  tile  cell 
which  gives  rise  to  the  primary  root  hair  is,  from  the  first,  very  rich  in 
potassium  salts  which,  as  the  root  hair  begins  to  develop,  collect  at  that 
point  where  the  hair  is  to  arise,  and  while   the  growth  contimies  the 

1  Loew  {Anh.  ,1.  nes.  Plitjsiol..  xxu.  p.  -^lO,  1880;  also  /  ic  rhi'mi.ich,'  Kneryu'  tlir 
libeiuJiii  Xellen,  189',»,  pp.  32,  3H),  holds  that  potaasium  sal*,  exircise  several  function-, 
hut  that  one  of  these  concerns  llie  conclenstttion  processes  of  organic  synthesis. 


^IW^ 


i.Km 


m^* 


vrnF^ry^m 


mmm 


122 


A.  B.  MACALLUM. 


inner  surface  of  the  hair  membrane  remains  in  ossrjciation  witli  the 
salts.  This  appears  to  obtain  also  iu  the  formation  of  the  pollen  tubes 
in  LiUiiin,thti  potassium  observed  in  the  active  cell  of  the  grain  appear- 
ing, when  the  tube  develops,  to  accompany  its  extension  downwrards 
through  the  tissues  of  the  capitate  stigma.  As  the  tube  becomes  very 
long  the  (juantity  of  potassium  that  may  be  at  any  one  point  within  its 
wall  is  very  minute,  or  in  truces  only,  but  when  the  tube  tirst  begins  to 
grow  the  amount  at  the  point  of  growth  is  sufficient  to  make  a  clear 
demonstration  of  the  fact. 

In  several  preparations  of  Hpiragyra  which  illustrated  the  process  of 
conjugation  there  was  found,  within  the  tips  of  tli'j  outgrowing  proce^  js, 
and  almost  immediately  adjacent  to  their  terminal  walls,  a  marked 
potassium  reaction,  (piite  distinct  from,  ami  much  more  marked  than, 
that  of  the  adjacent  cytoplasm.  When  the  terminal  walls  of  two 
processes  were  in  contact  the  reaction  was  nv  .st  decided,  b..t  when  the 
double  wall  was  absorbed  no  potassium  was  found  at  the  jtoint.  Whether 
the  potassium  salts  are  a.ssoeiated  with  the  outgrowth  of  the  processes 
alone,  or  with  this  ami  the  absorption  of  the  walls  ir>  contact,  cannot  be 
determined,  but  it  is  at  least  possible  that  there  is  here  a  function  of 
potassium  salts  like  that  illustrated  in  the  formation  of  the  primary 
root  hairs  of  Equisetuni  arvense. 

The  exceptional  distribution  ami  abundance  of  potassium  in  striated 
muscle  fibre  must  indicate  a  special  function.  That  contractility  is  not 
necessarily  due  to  this  function  follows  from  tiie  fact  that  .smooth  muscle 
fibre  contains  but  little  potassium,  which  is  unifonnly  dift"used  through 
its  cvtoplasm.  This  function  may  be  concerned  in  the  generation  of 
contractions  of  very  short  duration  but  not  in  the  production  of  tetanus, 
for  the  samt.'  distribution,  as  pointed  out,  is  found  in  ca.diac  muscle  fibre. 
It  is,  however,  well  to  remenii)er  that,  if  the  distribution  of  potassium 
in  striated  fibre  is  exceptional,  the  structure  and  composition  of  the 
latter  art-  (Miually  so.  In  the  dim  bands  where  the  potassium  obtains  are 
found  glyco^'en,  myohu-moglobin,  a  nucleo-proteid  and  apparently  also, 
although  this  is  not  certain,  the  myosinogens.  Such  compounds  do  not 
occiH-  in  close  association  in  any  other  tissue  element,  but  their  occur- 
rence together  in  those  parts  of  the  nniscle  fibre,  the  dim  bands,  which 
are  believed,  if  not  universally  recognized,  to  be  the  active  elements  in 
bringnig  abo\it  contraction,  gives  them  an  importance  which  is  enhanced 
by  the  fact  that  potassium  is  associated  with  them.  It  is  to  be  noted 
also  that  in  the  ash  of  striated  muscle  potassium  greatly  exceeds  in 
prouorliou  L'Vt-ry  other  basii;  uleUieut  present,  eveii  sodiur;!,  an  excess 
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that  is  not  found  in  the  case  of  any  other  tissue.  This  points  to  its 
having  a  special  role  in  striated  muscle  fibre,  but  what  llmt  is,  further 
than  that  it  is  probably  metabolic,  it  is  impossible  to  say. 

The  distribution  of  pota.ssium  salts  in  the  secreting  cc^lls  of  the 
pancreas  of  the  rabbit  and  guinea-pig  suggests  the  idea  that  such 
compounds  take  part  in  some  way  in  the  act  of  secretion.  They  are 
not  at  all  found,  even  in  traces,  in  the  "protoplasmic"  zone  of  the 
cell  and  they  are  most  abun.iant  in  that  part  immediately  adjacent  to 
the  limien  of  the  tubule.  It  is  not  i)ossible  to  say  whether  in  the 
living  cell  they  are  in  the  granules,  or  in  the  cytoplasm  surrounding 
thes^.  or  in  both,  for  the  granules  quickly  dissolve  in  tlie  reagent  and 
are  not  seen  in  the  preparations  of  the  gland  made  with  it.  The  con- 
densation of  pota.ssium  shewn  in  the  !;ell  border  of  tlie  lumen  (Fig.  :i3), 
as  well  a.s  its  presence  in  the  walls  between  the  cells,  would  seem  to 
indicate  that  it  occurs  also  during  the  life  of  the  cell  in  the  cytoplasm 
of  the  graindar  zone,  in  which  ca.se  it  would  participate  in  the  elaboration 

of  the  secretion. 

The  avidity  of  .some  moulds,  fungi  and  bacteria,  f.r  potassium  .sUts 
p(wtulates  some  metabolic  rAle  tor  the  latter  in  these  forms.     This  d..es 
not  implv,  of  course,  that  large  amounts  of  potassium  salts  are  absulutely 
neces.*ary  to  the  life  of  these  forms,  for  in  the  cixae  of  Succltarom;tces 
Ludwiqii   some   of  the   apparently   most  active  cells  may   show   oidy 
traces  "of  them,  and  young  budding   cells  rarely  give  a  reaction    for 
jiotassium    (Fig.   •">).     But    there    is   one    form    in    which    this   avidity 
obtains    in   a  remarkable   degree.     It  is   parasitic   on  Spirogyra,  int.) 
whose  cells  and  their  cytoplasm  it  sends  mycelial  threads  (liaustona) 
which  absorb  from   the   more  or   less  plasmolysed  protoplasm  all   the 
potassium  salts  which  it  contains  (Fig.  14),  an.l  a  part  at  least  of  tiie 
pota.ssium  so  taken  up  finds  its  way,  or  is  removed,  to  the  spore-like 
body  from  which  the  haustorial  threads  are  derived  (Fig.  13).     After  a 
full  development  of  the  haustorial  filaments  is  reached  all  the  potassium 
compounds  are  in  the  threads  who.se  course  throughout  the  disorganized 
cytoplasmic  mass  can  be  clearly  followed  through  the  distinct  reaction 
which  they  give.    Wherever  these  parasitic  forms  prevail  they  illustrate 
this  fact,  and  the  constant  presence  of  potassium  in  them  suggests  that 
there   is  in   these  organisms  a  degree  of  kaliophilism  parallel  to  the 
side;-,  hilism  of  Leptothrix  uchracea,  or  the  thiophilism  of  the  B-'gijiatow. 
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Summary. 

The  data  and  the  discussion  of  the  foregoing  pages  may  be  summar- 
ized as  follows : 

1.  The  hexanitrite  of  coba't  and  sodium,  CoNa,(NOj)„  in  solution 
and  in  the  presence  of  acetate  of  sodium,  is  an  immediate  precipitant 
for  potassium  from  its  solutions,  the  precipitate  being  an  orange-yellow 
triple  salt,  which  is,  according  to  K.  Gilbert's  investigations,  the  hexa- 

nitrite  of  cobalt,  sodium  and  potassium,  Cof  j^^'  j,(NO,),. 

2.  When  the  reagent  is  speciully  prepared  it  precipitates,  as  the 
triple  salt,  instantaneously  and  completely,  all  the  potassium  from  its 
solutions.  For  this  purpose  it  is  made  by  dissolving  20  grama  of  cobalt 
nitrite  and  3.5  grams  of  sodium  nitrite  in  7.5  c.c.  of  water,  adding  thereto 
10  c.c.  of  glacial  acetic  acid  and  diluting  the  solution  with  water  to 

100  c.c. 

.S.  When  isolated  cellidar  elements,  or  fresh  tissues,  very  mmutely 
teased  out,  are  put  in  quantities  of  this  reagent,  the  latter  penetrates  to 
all  parts  of  these  elements  in  a  few  seconds,  and,  in  consequence,  in  that 
time  precipitates  all  their  potassium  at  all  points  where  its  compounds 
occur.  If  these  are  abundant,  as,  for  example,  in  soi.  o  vegetable  tissues, 
the  precipitate  is  crystalline,  but  if  they  occur  only  in  u.inute  (|uantitie8, 
as  is  the  case  in  all  cytoplasmic  structures,  the  precipitate  is  of  such  a 
character  that  its  constituent  particles  are  not  individually  visible. 

4.  In  order  to  de'^rmine  the  distribution  of  the  precipitate  in 
a  preparation,  the  latter  must  be  washed  thoroughly  with  ice-cold  water 
to  remove  all  traces  of  the  precipitant,  after  which  the  triple  salt  formed 
and  left  behind  will,  if  it  is  abundant,  reveal  itself  under  the  microscope 
by  its  light  orange-yellow  colour.  To  reveal  the  presence  and  distribu- 
tion of  the  more  minute  quantities  the  preparation  may  be  treated  with 
ammonium  sulphide  solution,  which  gives  the  black  coba'  jS  sulphide 
reaction  wherever  the  triple  salt  is  precipitated,  and  thus  the  black 
reaction  at  any  point  is  evidence  of  the  presence  there  of  potassium. 
Such  preparations  mounted  in  .50  per  cent,  glycerine  will  keep  for 
about  two  months. 

5.  As  revealed  by  the  method  potassium  occurs  in  both  the 
cytoplasm  and  the  extracellular  structures.  In  the  latter  it  is  present 
a*  a  product  of  impregnation  and  infiltration  and,  as  a  consequence,  there 
are  few  such  structures  that  are  ftve  from  it.  In  intercellular  material 
and  in  inert  or  dead  matter  it  is  usually  very  abundant. 
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6.  The  cell  nucleus  docs  not  normally  contain  the  slightest  trace  of 
potassium  nor  does  the  head  of  the  sprmatozoon  give  the  slightest 
evidence  of  its  presence  there,  and,  further,  in  the  «tructurc  known  as 
the  central  body  of  the  Cyanophyce.v,  which  is  regarded  by  many  cytolo- 
gists  as  a  nucleus,  or  as  a  bod^  resembling  a  nucleus,  no  jxitassium 
reaction  can  be  obtained. 

7.  Nerve  cells  are  wholly  free  from  potassium  and  this  free<loin 
extends  to  the  dendrites  and  axons.  Extemsil  to  the  axons  in  mediil- 
lated  nerves  potassium  compounds  obtain  chiefly  at  the  nodes  of  Rjinvicr 
and  in  the  neurokeratin  framework  of  the  sheath,  but  at  other  points 
also  often  in  minute  masses  of  bizarre  form. 

8.  The  potassium  obtaining  in  cytoplasm  occurs  in  twr)  conditions, 
that  of  physiological  precipitation,  and  that  of  physiological  or  bio- 
chemical condensation. 

9.  The  precipitation  is  not  of  a  physi(!al  character  but  may  perhaps 
be  of  the  nature  of  fixation,  in  an  inert  form,  of  the  potassium  in  pitssive 
colloidal  material  in  the  cytoplasm.  This  precipitation  is  the  process, 
apparently,  by  which  living,  active  cells  dispose  of  the  excess  of 
potas.sium  salts  which  may  invade  them,  as  in  the  case  of  vegetable 
forms,  in  very  great  exces.«i. 

10.  In  the  condition  of  physiological  or  biochemical  condensation 
potassium  salts  in  solutioti  are  concentratotl  in  some  particular  part  or 
parts  of  the  cytoplasm  and  excluded  from  the  remainder.  This  condition 
of  conden.sation  is,  undoubtedly,  in  .some  cases  at  least,  a  factor  in  the 
metabolic  processes  peculiar  to  the  cells,  or  species  of  cells,  illustrating 
the  condition.  That  salts  can  be  in  solution  and  at  the  same  time 
confined  strictly  to  parts  of  the  cell  is  shown  in  Spirog>/ru,  in  which, 
in  the  healthy  normal  form,  the  potassium  is  strictly  localized  to  the 
immediate  neighbourhood  of  the  chroniatophor,  which,  in  the  intact  cell, 
is  supposeil  to  function,  in  some  degree,  in  the  synthesis  of  the  carbo- 
hydrates. 

11.  In  .smooth  muscle  fibre  the  potassium  found  is  scant  and  it 
is  diffused  throughout  its  cytoplasm,  but  in  striated  fibre  there  is  a 
condensation  of  the  potassium  in  the  dim  bands,  the  rest  of  the  fibre 
being  free  from  the  element.  When  the  fibre  is  in  the  contracted 
condition  the  potassium  is  most  abundant  in  the  middle  third  of  the 
band,  at  least  such  is  the  ca.se  in  the  wing  muscles  of  the  scavenger 
beetle.  It  is  the  doubly-refractive  sub.stance  of  the  dim  bands  that, 
apparently,  constitutes  the  contractile  material,  that  is,  the  inogen  of 
Hermann,  and  its  association  with  potassium  suggests  some  relation  of 
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the  latter,  not  with  contraction,  for  «nim.th  .uu>«:le  fibre  shows  th»t 
property,  nor  with  tetanus,  for  in  caniiac  n.uHcle  the  pota88ium  m 
disposed  UH  in  ortlinary  striated  hbre.  i.iit  with  rapidity  of  contraction, 
which  diHtinguishes  striated  fibre  from  smooth. 

1 2  There  is  in  the  secreting  cells  of  the  pancreas  of  the  gninea-p.g 
and  rabbit  a  remarkable  concentration  of  potnssi.im  compout.ds  in  that 
p<,rtion  of  the  granular  zone  immediately  adjacent  to  the  lumen,  whdo 
the  remainder  of  the  cytoplasm  is  free  from  them. 

I'i  There  are  organisms  which  manifest  a  distinct  capacity  to 
absorb  pot«..sin."  and  amongst  them  is  one,  parasitic  on  Spirogyra, 
who^^e  mycelial  ...reads  exhiint  kaliophili.m  in  a  special  degree. 


PLATEH   I    AND    II. 

Note.-  The  oranKe-ytllow  in  the  KiRure.  represents  the  distributing  of  the  triple  salt, 
the  bl»ck  the  cobaltoiis  sulphide  reaction  of  the  same. 

FiK.  1.  Protococcoid  forms  growing  on  sandstone.  In  ,.  the  potassium  occurs  in  a  lar^e 
granule  in  each  cell,  but  in  b  each  cell  contnins  several  potassium-hoUlinR  Kranules, 
and  in  one  is  an  irregular  mass  in  «hich  there  is  shown  a  diffused  trace  of  potassium. 

Fig  l!^olypvthrix  -p..  nhowinK  potaHsiun.  present  in  the  granules  and  in  the  Pe'Spl'*"} 
zone,  thf" central  body"  being  free  fron.  it.    r,  one  of  the  cells  seen  on  .ts  flat  or  end 

Fig.  r'T«/j/poflr!f -p.  (different  from  preceding).     The  lowest  cell  seen  in  optical  section. 

the  others  represented  as  in  superficial  view,      x  1360. 
i'iii    4.     Hiieitlm  fiiblilit.      x  1300.  •     .    •   . 

Fig.  r,.    Forms  in  a  culture  of  Sacrharomyct*  I.udicigii  in  the  sap  of  O.try    vtrgmua. 

X  13t»0. 
Fig   6.    Mycelial  threads  from  the  stem  of  .^flflicMip.      x  680.  ,        .      .•     , 

Figs.  7  and  8.    Two  different  species  of  Spirogyra,  prepared  from  normal  and  actively 

growing  cultures,      x  500  .     .,     ,  u       .     .. 

Fii-    ■)      Spinmra  >p.     P.  ( ivaratiou  from  culture  kept  for  several  days  in  the  laboratory 

and  more  or  less  in  an  abnormal  condition  (/..'. .  of  partial  plasmolysis).    The  potassium 

now  occurs  only  at  points  oh  the  chromatophor  bands,      x  500. 
Fig    10     A  fragment  of  a  chromatophor  in  the  same  preparation  from  which  tig.  (I  was 

drawn.    In  this  poUssium  is  found  localized  in  the  neighbourhood  of  some  of  the 

pyrenoids.      x  1000.  mu      i. 

Fig    11      Spirooyra  «p.  (as  in  Fig.  8)  in  a  partially  plasmolysed  condition.    The  cht.  ^a- 

tophor  bands  are  displaced  and  the  potassium  is  found  only  at  points  on  and  in  tht  r 

course  sometimes  in  the  immediate  neighbourhood  of  pyrenoid  bodies. 
Fig    12.     Spirogyra   >p..  Zygospore.    The   view  represented   shows  the  distribi   .on  of 

potassium  to  be  almost  wholly  under  the  membrane,  yet  in  the  cytoplasm.     x500. 
Fig.  13.    Cell  outline  of  Spirogyra  .p..  showing  the  occurrence  of  a  parasite  (?Chytridi- 

aceous)  rich  in  potassium,      x  500. 
Fig.  14.    Intracellutur  lament  of  t^amc   parasite  showing  its  kaliophilous  character. 

x500. 


POTASSIUM  ly  CELLS 


127 


Fig. 
Fig. 

Fi«. 

Fig. 

Fig. 

Fig. 

Fig. 
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Fig. 

Fig. 
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Fig. 
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Fig. 

Fig. 

Fig. 
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15.  ffilftfrniniit  iliktom.  The  potMntnm  beaidcn  being  irregalArly  diatrilmtvd  i» 
foand  alio  in  parnllvl  arrangement  under  the  teit.      x  ttxO. 

16.  (rerniiniting  iipore*  of  Kqiiitftum  nrveme,  a,  earlier,  h  later  itagr.  In  lioth  th« 
polaatium  aeeme  to  diffuse  in  advance  ol  tlie  oTtoplanin  which  forma  the  primary  root 
hair.     X  330. 

17.  (I,  r  and  J  cells  from  tlip  mesophyllou'*  layer  of  the  Eaiter  lily,  the  nucU-iiK  with 
a  faint  pink  rraotion.  Ii,  collection  of  chlorophyll  oorpusclcH  from  a  cell  v  lieh  wa« 
■nbjected  to  the  action  of  the  reagen*  for  no  »hort  a  period  a«  three  minute*  only,  in 
order  that  they  ehould  be  pre«>  i  ved  intact  for  obaervation.     x  tii^O. 

IH.  Bnrface  view  of  leaf  of  f'lifiyxi  »p.  <i,  celli  on  a  level  with  the  atomatic  cell* 
bat  below  the  outioular  flement*.      x  1000. 

I'J.  MeHophyllum  of  l.iliiim  Unrritii,  ibowing  the  potasaium  in  Cinneetion,  not  only 
with  the  scanty  protopla»ui,  but  aUo  with  the  cell  walla,      x  tiOO. 

20.  Mexophyllum  of  /..  llarritii,  cell  showing  ataroh  granulei  but  a  smaller 
quantity  of  potaosium.     x  liOO. 

21.  Pollen  grain  of  Talip.     x  tWO. 
22  and  '13.    Corpueclex   of    frog's    blood.      Fig.    22   white  (?  fusiform)  corpuscle, 

Fig.  23  red  corpuscles.    In  all  the  nuclei  are  free  frmn  potassium,      x  lOOO. 
24.     Bladder  epithelium  of  frog,  optical  section  of  thi!  cells,     h,  a  cell,  of  a  type 
oocasionally  found,  in  which  the  cytoplasm  was  rich  in  potassium,      x  H80. 
2.5.    Cells  from  intestiual  mucona,  frog.     The  potassium  ix  shown  on  the  periphery 
of  each  cell,  not  in  the  intercellular  spaces,  which  appear  free  from  it.     x  680. 
20.    Cells  from  the  intestinal  mucoan  of  Ouiinii'.    ii,  iiucleux.    The  view  represented 
ia  in  a  plane  through  the  nuclei  of  the  cells.      <  340. 

87.  Uroups  of  cells  from  xipbijid  cartilage  of  the  frog.  The  matrix  in  tliix 
preparation  was  free  from  pi>tasHmm  salts.  The  di..tribntion  of  the  latter  is  indicated 
by  the  orange-yellow  triple  salt  reaction,      x  'inO. 

'M.  Smooth  muscle  fibres,  frog's  bladder.  A  faint  reaction  obtains  in  their  cytoplasm. 
II,  a  superficial  view  of  a  portion  of  a  tibre.      x  tirtO. 

99.    It — c.     Portions  of  muscle  Hbrer<,  gastrocnemius,  frog.     In  a  the  nucleus  is  free 
((  and  /',    X  1400.     <-,   x  1H30. 
Wing  muscles  of  scavengei  beetle.     ",  resting,  /<,  coutrai'ted. 


from  potast^mm. 

30.  Muscle  ftbrils. 
X  13*1. 

31.  Retina  of  frog. 


,  cone,  free  from  potassium. 


/>  and  c,  lateral  views  i^(  rods, 
<(,  end  views  of  the  rods,  the  substance  of  which  gi.fs  a  faint  diffuse  reaction  for 
potassium.  The  potassiumholdiuK  particle^<  which  occur  in  h  and  c  are  shown  in  >( 
to  be  between  the  rods.      .,  IHO. 

32.    Ketina  of  fro^.     >i.    element   of   the   nuclear   layer  with   peculiar   potasaium 
holding  arborescences  on  its  surface.     Ii.  supeilicial  view  of  rod  with  pota.''sium  in 
minute  elongated  );ranules.  regularly  disposed,     r.  optical  section  of  a  rod  showing  the 
occurrence  of  potassium  at  .Vtinite  puints  and  along  definite  lines,      x  (ISO. 
33  (I   and   li.    Acini   of   r.i    -reas,    guineapi-'.   showing   potassium   limited  to  the 
neighbourhood  of  the  lunilna,  ind  to  a  portion  of  the  intercellular  walls,      x  1380. 
34.     Nerve  fibres,  rat;  <i,  showing  the  orange-yellow  triple  salt  reaction  at  the  node 
of  Kanrier  and  also  in  a  mass  in  the  sheath  aiijaeent  to  the  fibre  (axon)  at  an  inter- 
mediate point,     h.  a  portion  <  f  a  nerve  fibre  showint;  the  triple  salt  reaction  in  «  not 
unusual  distribution  in  the  medulla,      x  6S0. 

'i'>.  Nerve  fibres,  fni^.  ii  ami  '  showing  potassium-holding  material  iit  a  node  of 
Banvier  (/)  as  well  a'  in  the  -  ;ith  immediately  under  the  neurilemniii.  the  free 
portion  of  the  axo:     '«)  «howi    _  absolutely  no  reaction. 
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Fi(.'.  HCi.  Nerve  fibres,  frou-.  In  .1  the  potassium  i.-  on  tlie  poriphiry  of  the  axon  (as  at  r 
and  ()  and  in  small  masses  in  the  medulla.  The  large  aKt-'repation  of  potassium-hoIdinR 
material  at  1  is  at  a  point  remote  from  a  node  of  Hanvier.      ^  t!80. 

Fir.  'AT.  Nerve  fibre,  frog.  The  potassium. holdini,'  material  distributed  along  the  surface 
of  the  axon  for  some  distance  on  each  side  of  the  node  of  Hanvier  and  also  in  the 
neurokeratin  franu-wi/rk  of  the  sheath.      \  tlHO. 

Fin  SS.  II— c.  Nerve  tibres.  fro).',  pivint;  .surface  view  showins!  the  nenriikeratin  frame- 
work of  sheath  infiltrated  with  potassium  salts  as  irregular  potassium-holilinR  patches 
and  at-'Kregations  of  material  situated  in  the  sheath,      x  OHO. 

Fin.  3!*-  "— ''•  Nef^e  fibres,  rat.  In  '/  tin  material  of  Frommanns  rinj-'s  (outside  or  on 
the  periphery  of  the  axon)  is  rich  in  potassium.      s  OKI. 

Fit-'.  40.  Nerve  fibre,  puinea-pii.',  sho^inp  the  peripheral  portiou>  of  the  imhritations  of 
Lantermann  to  be  iuipret-'nated  with  potas^imn.         CM). 
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